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PREFACE. 


The  Senate  having  ordered  a  revised  edition  of  the  reports  contained  in  this  docnment  to 
be  printed,  the  labor  of  that  revision  was  cheerfally  undertaken  without  compensation  ;  aad 
it  has  been  executed  as  faithfully  and  thoroughly  as  time  and  other  circumstances  have  per- 
nutted.  A  careful  revision,  particularly  of  those  portions  which  relate  to  the  manufacture  of 
sugar,  was  very  necessary,  for  the  rensons  :  that,  in  the  first  or  preliminary  report,  opinion! 
had  been  expressed  which  subsequent  and  more  complete  information  modified;  that  the  third 
report  was  originally  written  so  rapidly,  and  with  such  little  opportcmity  for  correction,  that 
the  occnrrence  of  errors  in  it  could  not  be  entirely  prevented  ;  and  that  inaccuracies  might 
have  misled  the  manufacturers.  To  have  recast  the  whole  series  and  presented  the  parts 
relating  to  the  sugar  indtutry  in  an  entirely  new  and  digested  form,  with  such  additional  in- 
formatbn  as  the  progress  of  science  and  the  arts  has  recently  developed,  would,  in  the  opinioa 
of  the  writer,  have  rendered  it  more  complete  and  better  adapted  to  the  wants  of  those  en- 
gaged in  that  industry.  But  to  perform  this,  neither  authority,  time,  nor  the  requisite 
facilities  were  possessed  by  him.  To  supply,  though  but  in  part  and  imperfectly,  what  such 
a  work  might  have  contained,  as  well  as  to  avoid  changing  and  interpolating  the  text  of  tha 
original  reports  to  a  very  considerable  extent,  an  appendix  has  been  added.  It,  hewever,  is 
by  no  means  complete,  and  is  not  designed  to  present  all  that  is  new  and  important,  but  only 
some  matters  which  are  considered  worthy  of  attention.  To  others  better  qualified,  by 
practical  as  well  as  theoretical  knowledge,  the  important  task  of  furnishing  a  complete  trea- 
tise on  the  sugar  industry  should  be  left. 

R.  S.  McCULLOH. 

MiBTT  or  THE  United  Sta^tes, 

December  12,  1848. 
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LETTER 


THE  SECRETARY  OF  THE  TREASURY, 

COMMUNICATING 

A  report  of  chemical  analyses  of  sugars^  molasses^  ^c,  and  of  re- 
searches on  hydrometers^  made  under  the  superintendence  of  Prof es' 
sor  A,  jD.  Bache  )>y  Professor  R.  S.  McCulloh. 


•  •  • 


February  21,  1845. 
Read,  and  ordered  to  be  priDted. 

March  3,  1845. 
Ordered  that  500  additional  copies  be  famished  for  the  ase  of  the  Senate. 


Treasury  Department,  February  19,  1845. 

Sir  :  I  have  the  honor  to  transmit,  for  the  information  of  the 
Senate,  a  letter  from  Professor  A.  D.  Bache,  communicating  a  re- 
port of  chemical  analyses  of  sugars,  molasses,  &c.,  made  under  his 
superintendence  by  Professor  K.  S.  McCulloh,  in  obedience  to  a 
resolution  of  the  House  of  Representatives  passed  21st  July,  1842; 
and  of  researches  on  hydrometers,  in  compliance  with  a  request  of 
this  department,  made  in  consequence  of  representations  that  the 
present  system  of  ascertaining  the  strength  of  distilled  spirits  is 
inaccurate,  and  under  the  authority  of  an  act  of  Congress  approved 
12th  January,  1825. 

I  am,  very  respectfully,  your  obedient  servant, 

GEORGE  M.  BIBB, 

Secretary  of  the  Treasury. 

Hod.  Willie  P.  Mangum, 

President  of  the  United  States  Smat9* 
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Letter  of^R/yJ^ehor  A.  D.  Bache^  transmitting  a  report  of  inquiries 

j^  and  eipffdfnentSy  made  under  his  superintendence^  by  Professor 

.R\S.  McCullohj  on  sugars^  hydrometers^  8fc. 

-'W  ••* 
'/:.'!•*•  *  Office  of  Weights  and  Measures, 

February  17,  1845. 

Sir  :  On  the  13th  of  March  last,  I  was  requested  by  the  Treasury 
Department  to  undertake  the  experiments  necessary  for  the  com- 
parison of  hydrometers  in  reference  to  their  use  in  the  collection 
of  the  revenue.  This  request  was  stated  in  the  letter,  hereto  annex- 
ed, of  the  Secretary  of  the  Treasury,  the  Hon.  J.  C.  Spencer,  to 
have  been  made  in  consequence  of  representations  to  the  depart- 
ment that  Dycas's  hydrometer,  for  testing  the  proofs  of  distilled 
spirits  and  liquors,  used  in  the  custom-houses  of  the  United  States, 
was  not  as  accurate  as  was  desirable.  The  department,  at  the  same 
time,  put  at  my  disposal  one  of  Dycas's  instruments,  together  with 
one  by  Tucker  &  Dwelle,  of  Boston,  and  one  of  Sikes's  hydrome- 
ters.    There  were  others,  also,  at  the  office  of  weights  and  measures. 

By  an  act  of  Congress,  approved  on  the  12th  of  January,  1825, 
*^  the  Secretary  of  the  Treasury"  is  *'  authorized,  under  the  direc- 
tion of  the  President'of  the  United  States,  to  adopt  and  substitute 
such  hydrometer  as  he  may  deem  best  calculated  to  promote  the 
public  interest,  in  lieu  of  that  now  prescribed  by  law,  for  the  purpose 
of  ascertaining  the  proofs  of  liquors  ;"  and  the  subject  appears  to 
have  received  attention  from  the  department  at  diflerent  times, 
without,  however,  definitive  action  in  regard  to  it. 

In  accepting  the  duty  thus  assigned  by  the  department,  I  reserved 
to  myself,  on  a  review  of  the  ground  of  inquiry  and  a  considera- 
tion of  the  experiments  to  be  made,  with  the  time  within  which  the 
department  required  their  results,  to  ask  for  an  assistant,  to  whom 
the  inquiries  and  experiments  might  be  committed,  under  my  direc- 
tion. 

In  June  last,  I  was  requested  further  to  undertake  the  scientific 
investigations  required  by  the  act  of  Congress  of  the  3d  of  March, 
1843,  in  relation  to  sugar  and  sirups,  and  to  the  saccharine  matters 
contained  in  them,  and  to  connect  these  with  researches  into  the 
saccharine  and  extractive  matters  in  various  kinds  of  liquors.  It 
was  plain  that  the  investigations  thus  required,  together  with  the 
former  ones,  relating  to  hydrometers,  could  not  be  accomplished  in 
any  reasonable  time,  without  putting  aside  the  adjustment  and  com- 
parisons of  the  weights  and  measures.  I  therefore  proposed  to  the 
department  to  appoint  an  assistant,  who  might,  under  my  direction, 
make  the  investigations  and  researches  required  ;  and,  on  the  re- 
quest being  granted,  nominated  Professor  Richard  S.  McCullob, 
formerly  professor  of  mathematics,  natural  philosophy,  and  chemis- 
try, in  Jefferson  College,  Pennsylvania,  as  assistant  in  these  in- 
quiries. By  this  arrangement  the  department  has  had  all  the  ad- 
vantage of  the  attainments  of  Mr.  McCulloh  as  a  mathematician 
and  chemist,  the  devotion  of  his  time  solely  to  these  objects,  by 
which  they  have  been  rapidly  advanced,  and  of  whatever  benefit  it 
originally  proposed  to  itself  la  my  direction  of  the  vrork.    la 
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justice  to  myself,  I  ought  here  to  remark,  that  no  compensation 
iras  asked  or  received  by  me  for  the  superintendence  in  question. 

After  the  appointment  of  Professor  McCuIIoh,  the  general  course 
of  proceeding  in  the  inquiries  was  soon  marked  out,  and  the  work 
commenced.  We  have  since  conferred  together,  and  corresponded 
frequently  about  the  details  of  the  inquiries  and  researches,  but 
the  discussion  of  the  various  questions  belongs  to  him  alone.  The 
able  report  of  Professor  McCulloh,  which  I  have  now  the  honor  to 
submit  to  the  department,  shows  that  I  did  not  overrate  the  advan- 
tages of  his  services.  This  is,  however,  to  be  considered  a  report 
in  part  only,  several  questions  being  still  reserved  for  examinatioui 
and  time  not  having  yet  served  for  the  full  investigation  of  others. 

The  report  consists  of  two  parts  :  the  first,  on  the  analysis  of 
sugars,  sirups,  and  molasses;  and  the  second  on  hydrometers.  In 
the  first,  the  different  methods  of  ascertaining  the  quantity  of  cane 
sugar  present  in  a  pure  solution  are  given,  the  details  of  the  methods 
by  evaporation,  by  specific  gravity  of  the  solution,  by  fermenta- 
tion, and  by  the  polarization  of  light,  and  the  application  of  the 
two  last  methods  to  the  analysis  of  mixtures  of  different  kinds  of 
sugars  are  discussed.  A  popular  exposition  of  the  method  by  the 
polarization  of  light  is  followed  by  a  statement  of  the  modes  of 
research  and  results  of  Biot  and  Ventzke,  and  a  description  of  the 
apparatus  used  by  them.  The  methods  and  formula^  are  then  ap- 
plied to  examples  of  analysis,  and  the  various  steps  in  experiment 
and  calculation  are  minutely  given.  Practical  remarks  follow,  in 
regard  to  the  different  compositions  of  molasses  ;  the  error  of  esti- 
mating the  value  of  molasses  by  specific  gravity  ;  the  steps  in  the 
manufacture  of  sugar,  especially  in  relation  to  those  where  im- 
provements are  most  desirable,  and  the  researches  required  for  im- 
provement ;  the  vacuum  and  steam  process,  and  the  sources  of  its 
advantages  ;  the  alleged  frauds  upon  the  revenue  in  the  importation 
of  molasses;  the  necessity  and  value  of  researches  on  saccharine 
substances  by  the  methods  explained  in  the  report. 

In  the  second  part  of  Professor  AlcCulloh's  report,  the  hydrome- 
ter is  discussed.  The  mathematical  and  mechanical  theory  of  the 
instrument  is  given  and  applied  to  its  graduation,  to  explain  the 
origin  of  the  dliferent  scales  in  use,  to  the  corrections  required^ 
and  to  the  effect  of  injuries  to  metallic  hydrometers  by  indentations. 
The  advantages  of  the  decimal  scale  for  hydrometers  are  pointed 
out,  and  the  mode  of  adapting  the  decimal  scale  hydrometer  to  use 
for  liquids  of  ditferent  specific  gravities  is  explained.  The  differ- 
ent materials  of  which  hydrometers  may  be  made,  the  methods  of 
manufacture,  and  the  conditions  necessary  to  secure  accuracy,  are 
discussed.  The  description  of  the  principal  hydrometers,  with  aa 
examination  of  their  advantages  and  defects,  and  of  their  theory, 
follows,  and  includes  the  principal  hydrometers  of  France,  England, 
Germany,  Holland,  Switzerland,  and  the  United  States.  The  deci- 
mal scale  hydrometer  is  compared  with  others,  and  its  advantages 
in  point  of  simplicity  are  insisted  upon.  The  remarks  in  regard  to 
the  graduation  of  hydrometers  lead  naturally  to  a  discussion  of  the 
temperature  of  the  maximum  density   of  water,  ia   reference  to 


[50]  4 

which  a  very  full  examination  of  the  experiments  of  Despretz  is 
given,  and  the  method  of  least  squares  is  applied  to  calculate  the 
most  probable  value  of  the  temperature  in  question  from  his  re- 
searches. The  results  of  experiments  on  the  dilatation  of  mixtures 
of  water  and  alcohol  are  collected  and  represented  graphically,  the 
subject  of  the  proof  of  liquors  is  discussed,  and  the  report  closes 
with  a  comparison  of  different  hydrometers. 

From  the  data  thus  brought  together,  aided  by  the  results  of  the 
experiments  which  they  suggest,  it  will  be  easy  to  meet  the  practi- 
cal questions  in  hydrometry,  and  to  furnish  to  the  government  the 
means  of  securing  uniformity  in  the  collection  of  the  revenue,  and 
to  practical  men  generally  accurate  instruments,  adapted  to  the 
wants  of  their  different  arts.  I  have  not  thought  it  necessary,  or 
even  desirable  to  delay  the  presentation  of  this  repiort  for  the  sake 
of  rendering  it  more  complete,  as  the  supplementary  matter  may  be 
appropriately  given  in  a  further  report. 

Very  respectfully,  yours, 

ALEXANDER  D.  BACHE. 

Hon.  George  M.  Bibb, 

Secretary  of  the  Treasury  of  the  United  States. 


Letter  from  the  Hon.  John  C,  Spencer ^  Secretary  of  the  Treasury^ 
to  Professor  A.  jD.  Bache^  in  relation  to  experiments  upon  hydro- 
meters. 

Treasury  Department,  March  13,  1844. 

Sir  :  It  is  represented  to  the  department  that  Dycas's  hydrome- 
ter for  testing  the'proof  of  distilled  spirits  and  liquors,  directed  to 
be  used  for  this  purpose  by  an  act  of  Congress  passed  as  early  as 
the  year  1790,  and  still  continued  in  use  at  the  respective  custom* 
houses  in  the  United  States,  does  not  probably  exhibit  as  much  ac- 
curacy in  this  respect  as  some  more  modern  instruments  used  for 
the  purpose  mentioned.  It  is  therefore  deemed  important  to  the 
interests  of  the  revenue  that  a  careful  and  thorough  investigation 
of  the  subject  should  be  had  ;  and  I  wish  you  to  undertake  the 
matter,  and  to  institute  suitable  experiments  with  different  hydro- 
meters, and  furnish  me  with  the  results.  The  department  has  in 
its  possession  one  of  Dycas's  instruments,  together  with  one  invent- 
ed by  Tucker  &  Dwelle,  of  Boston,  and  also  Sikes's  hydrometer, 
said  to  be  used  at  the  custom-houses  in  England,  all  of  which  will 
he  furnisheil  you.  It  is  believed  that  there  are  some  instruments 
of  the  kind  in  the  weights  and  measures  or  coast  survey  office,  pro- 
cured for  public  purposes  by  the  late  Mr.  Hassler. 

To  place  you  in  possession  of  all  the  information  on  the  subject 
in  the  possession  of  the  department,  I  wsuld  add,  that,  by  the  act 
ef  Congress  of  the  12th  of  January,  1825,  the  Secretary  of  the 
Treasury,  under  the  direction  of  the  President  is  authorized  ^^  to 
adopt  and  institute  such  hydrometer  as  he  may  deem  best  calculated 
to  promote  the  public  interest,  in  lieu  of  that  now  prescribed  by  law 
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for  ascertaining  the  proofs  of  liquors,  &c."  It  appears,  that  shortly 
after  the  passage  of  this  law  various  tests  and  examinations  were 
made,  with  the  different  instruments  then  in  use,  both  at  Washing- 
ton, by  the  late  Doctor  Staughton,  and  at  the  Uniteil  States  mint 
in  Philadelphia,  by  Doctor  Patterson,  father  of  the  present  director 
of  the  mint.  The  examination  at  this  place  was  made  with  Dycas's 
hydrometer.  Gay  Lussac's  alcoholometer,  and  an  instrument  in- 
Tented  by  Tucker  &  Dwelle,  of  Boston.  Mr.  Secretary  Rush,  in 
giving  the  result  of  this  examination,  states  that  the  ^^  two  former 
were  found  to  give  the  same  result,  or  with  scarcely  a  perceptible 
difference ;  and  each  indicated  a  higher  degree  of  strength  in  the 
liquor  than  the  latter."  The  report  of  director  Patterson's  obser- 
vations was  lost  by  the  conflagration  of  the  treasury  building,  in 
the  year  1833;  but,  as  no  other  instrument  was  substituted  in  the 
place  of  Dycas's  at  that  time,  it  is  probable  no  change  was  deemed 
expedient. 

As  some  of  these  instruments  are  stated  to  be  too  delicate  for 
ordinary  use,  it  is  proper  that  regard  should  be  paid  to  that  fact  in 
the  case  of  any  hydrometer  you  may  recommend,  and  due  allowance 
made  for  their  falling  into  unskilful  hands,  which  is  likely  to  be 
the  case  at  the  custom-houses. 

I  am,  very  respectfully,  your  obedient  servant, 

J.  C.  SPENCER, 
Secretary  of  the  Treasury. 

Professor  A.  D.  Bache, 

Superintendent  of  Weights  and  Measures J^Washington. 
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REPORT 


TO 


'Prof.  A.  D.  Bachtj  of  researches  made  under  his  superintendence^ 
by  Prof  R.  S.  McCulloh^  in  relation  to  sugars^  hydrometers^  etc. 

Washington,  February  18,  1845. 

Dear  Sir  :  I  hare  the  honor  to  submit  the  following  report  of 
the  progress  I  have  made  in  the  researches  confided  to  me.  You 
will,  I  trust,  find  that  I  have  followed  your  instructions  and  ad- 
vice; and  the  details  herein  set  forth  will  be  sufficient,  together 
with  such  oral  and  informal  written  communications  as  I  have  from 
time  to  time  made,  to  enable  you  to  judge  of  the  manner  in  which 
I  have  performed  my  task. 

Ks  the  following  report  is  intended  for  yourself  as  well  as  for 
general  information,  I  have  felt  at  liberty  to  ga  more  into  detail 
and  to  render  it  more  scientific  than  I  should  otherwise  have  done. 
Since,  however,  the  purely  scientific  parts  will  be  of  little  interest 
to  many,  I  have  designated  by  a  star,  in  the  table  of  contents,  such 
articles  as  would  possibly  be  found  most  interesting  to  those  who 
desire  rather  to  know  simply  the  results  obtained. 

Considerable  time  of  necessity,  elapsed  before  I  could  procure 
the  requisite  apparatus:  this  enabled  me  more  thoroughly  to  discuss 
the  various  memoirs  contained  in  scientific  journals  and  transactions; 
and  you  will,  I  hope,  find  that  the  time  thus  employed  was  not  un- 
profitably  spent. 

I  cannot  refrain  from  expressing  to  you  my  grateful  sense  of  the 
facilities  I  derived  from  my  friend  Professor  Robert  M.  Patterson, 
director  of  the  United  States  mint,  through  whose  kindness  I  ob- 
tained books  from  the  library  of  the  American  Philosophical  So- 
ciety, and  from  whom  I  also  received  not  only  valuable  informa- 
tion, but  many  sugcrestions  which  I  found  of  service  to  me.  I 
would  also  acknowledge  the  important  services  of  Messrs.  Booth  and 
Soy6,  in  whose  well  furnished  laborato-y  I  perfoimed  my  chemical 
investigations,  who  frequently  repeated  my  observations,  and  who 
furnished  me  much  useful  information  and  imported  the  valuable 
apparatus  I  employed.  I  am  indebted  to  them  for  a  full  report  of 
the  labors  of  Ventzke,  in  Berlin,  and  of  their  own  analyses  of  mo- 
lasses, made  in  July,  1843.  The  relationship  which  subsists  be- 
tween us  should  not,  I  think,  prevent  my  mentioning  the  valuable 
services  of  my  younger  brother,  William  J.  McCuUoh,  who  kindly 
undertook  the  laborious  task  of  performing  independently  most  of 
the  calculations  contained  in  this  report,  and  discharged  it  faith- 
fully; thus  checking  my  work.     Lastly,  I  would  express  my  thapks 
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to  those  gentlemen  of  the  Treasury  Department  who  have  facilitated 
my  labors,  and  particularly  to  Mr.  Crabb,  of  the  Comptroller's 
office. 

I  frequently  use  the  terms  cane  or  crystallizable  sugatj  uncrys- 
tallizable  sugar y  left  and  right  polarizing  sugary  grape  sugar ^ fruit 
sugar  J  starch  sugar  j  liquid  sugar,  etc.;  and  it  is  therefore  fit  that 
I  should  define  the  precise  meaning  of  such  terms,  which  I  employ 
technically^  especially  as,  in  ordinary  language,  sugar  is  erroneously 
regarded  as  one  substance,  varying  only  in  purity,  color,  and  con- 
sistence. 

A  sweet  taste  and  salt-like  structure  were  sufficient  in  the  days 
when  accurate  science  had  not  cast  its  light  upon  the  nature  and 
properties  of  saccharine  substances,  to  obtain  for  a  body  the  name 
of  sugar;  aad  thus  acetate  of  lead,  composed  of  vinegar  and  the 
protoxide  of  lead,  acquired  the  name  of  saccharum  saturni  or  su- 
gar of  lead.  Such  loose  employment  of  language  is  inadmissible 
in  exact  knowledge,  and  hence  chemists  have  found  it  necessary  te 
confine  the  application  of  the  term  sugar  to  such  organic  substances 
as  have,  superadded  to  a  sweet  taste,  the  property  of  being  suscep- 
tible of  alcoholic  fermentation  ;  there  are  a  number  of  different 
substances  which  are  therefore  sugars j  while  some  of  organic  origin, 
and  of  very  sweet  taste,  are  excluded  from  the  class  because  they 
do  not  undergo  vinous  fermentation.  Such,  for  instance,  as  man- 
nitCj  the  principal  ingredient  of  manna. 

Sy  cane  or  crystallizable  sugar,  chemists  and  refiners  mean  not 
only  the  extract  of  the  juice  of  the  sugar  cane,  but  the  same  sub- 
stance, however  produced.  The  beet,  the  maple,  the  melon,  the 
carrot,  the  turnip,  and  the  green  Indian  corn  plant,  all  yield  cane 
or  crystallizable  sugar,  in  greater  or  less  proportion.  Hence,  cane 
sugar  means  that  sweet  substance  which  is  susceptible  indirectly  of 
vinous  fermentation;  which,  when  pure,  is  perfectly  white,  crystal- 
lizes in  prisms,  and  is  of  the  specific  gravity  1.6065;  of  which  the 
chemical  composition  is  carbon,  hydrogen,  and  oxygen,  the  two 
last  in  proportions  to  form  water;  which,  in  solution,  possesses  the 
property  of  circular  polarization  of  light,  and  the  distinguishing 
feature,  with  relation  to  all  other  known  sugars,  of  being  invertible 
by  acids  without  the  aid  of  heat;  and  which  behaves  with  chemical 
tests,  and  particularly  the  copper  test  of  Trommer,  in  the  manner 
described  in  the  subsequent  part  of  this  report. 

By  uncrystallizable  sugar  is  designated  in  contradistinction  any 
other  sugar  than  cane  sugar.  The  distinction  of  left  and  right  po- 
larizing sugar  will  have  no  obscurity  to  any  one  who  may  read  the 
succeeding  chapter. 

Besides  cane  sugar,  and  lactine,  (milk  sugar,)  chemists  agree  in 
admitting  the  existence  of  another  variety,  to  which  M.  Dumas  has 
applied  the  generic  name  of  glucose,  but  which  Liebig  and  others 
have  usually  called  grape  sugar.  Liebig  includes  under  this  head 
not  merely  the  sugar  of  grapes  and  acid  fruits,  but  also  sugar  qf 
starch,  diabetic  sugar,  and  all  that  class  of  sugars  which  are  pro- 
duced by  the  action  of  acids  on  vegetable  fibre,  such  as  pa\i€t  ^ivA 
linen  rags,  or  on  cane  sugar;  sugar  o{  milk,  starcb,  &e.     kiv^\\.  \% 
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in  this  extended  though  vague  sense  that  I  have  frequently  employ- 
ed the  term  grape  sugar j  which  in  strict  propriety  should  be  confined 
to  that  sugar  alone  which  is  obtained  from  grapes.  Yet  Liebig  re- 
marks, that  ^^  although  the  identity  of  different  kinds  of  sugar 
classed  under  the  name  of  grape  sugar  or  glucose  be  generally  ad- 
mitted, it  is  important  to  know  that  there  are  certain  facts  ap- 
parently irreconcilable  with  this  notion."  Also,  M.  Dumas  says  :* 
^^  I  believe  that  glucose  will  be  found  identical,  whatever  be  its^ 
origin;  whether  from  honey  and  fruits,  or  from  diabetic  urine,  or 
produced  by  chemical  action  upon  starch  and  ligneous  fibre.  But 
this  opinion,  in  which  chemists  do  not  generally  concur,  can  only 
be  established  {entierement  justifiie)  by  subjecting  all  these  varie- 
ties to  multiplied  and  very  refined  comparative  tests.^'  And,  furtheri 
'^  glucose^  properly  so  called,  comprises,  besides  sugar  of  starch, 
that  of  diabetes,  and  perhaps  agglomerated  {mamelonn^)  grape 
sugar.  It  is  necessary  to  observe,  however,  that  glucose  obtained 
from  starch,  whether  by  great  pressure,  and  a  small  quantity  of 
oxalic  acid,  or  by  the  long  continued  action  of  acids,  differs  in 
rotary  power  from  ordinary  glucose." 

Biot  has  shownf  that  both  Liebig  and  Dumas  have  erred  in  giving 
to  glucose  or  grape  sugar  too  wide  an  interpretation,  and  that  other 
chemists  have  gone  further  than  M.  Dumas  anticipated,  and  applied 
his  term  glucose  even  to  the  saccharine  product  of  cane  juice  under 
the  influence  of  spontaneous  fermentation,  or  ef  acids  after  satura- 
tion; to  which  product  M.  Bouchardat  has  given  the  name  of  sac- 
charo  glucose.  Biot  shows  that  Liebig,  in  his  Treatise  on  Organic 
Chemistry,  by  comprising  under  glucose  diabetic,  grape,  starch,  and 
fruit  sugars,  confounds  liquid  sugar  of  honey  and  liquid  grape  sugar 
with  solid  sugar  of  grapes,  and  the  latter  with  sugar  of  starch;  that, 
of  all  the  distinct  kinds  of  starch  sugar  which  MM.  Biot  and  Per- 
soz  found  to  exist,  Liebig  mentions  but  one;  and  that  saccharo- 
glucose  is  by  him  confused  with  the  sugar  of  grapes  and  sugar  of 
starch;  in  short,  that  while  the  distinguished  chemist  of  Giessen 
hesitated  to  pronounce  all  kinds  of  glucose  identical,  by  reason  of 
differences  in  points  of  fusion,  he  was  **  entirely  without  the  thread 
of  the  labyrinth  which  optical  properties  only  could  have  furnished 
him,"  and  that  of  these  he  speaks  loosely  and  inaccurately. 

Glucose,  or  grape  sugar,  as  it  is  more  commonly  called,  of  what- 
ever origin,  does  not  crystalize  like  cane  sugar,  in  large  regular  crys- 
tals, but  in  minute  fibrous  crystals,  the  shape  of  which  is  not  dis- 
tinct, but  which  form  tubercular  masses.  On  this  account,  it  is  very 
frequently  called  by  French  writers  sucre  mamelonnS,  Its  taste  is 
at  first  farinaceous,  then  feebly  sweet,  and  mucilaginous  when  it 
begins  to  dissolve  in  the  saliva.  Its  sweetening  power  is  only  two- 
fifths  of  that  of  cane  sugar;  hence,  in  mixture  with  cane  sugar,  it 
freatly  impairs  the  quality  of  the  article  for  all  domestic  purposes, 
t  is  also  much  less  soluble  in  water  than  cane  sugar,  and  dissolves 
with  difficulty  even  with  protracted  stirring;  according  to  M.  Bau- 

*  See  Traits  de  Cbim.  appliq.  aax  ArU,  t.  6,  p.  274;  Paris,  1843. 
t  S€«  CoBiptei  Rend,  dm  Sianoes  de  TAcad.^  t.  XY^  p.  636. 
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drimoat,  wster  at  73^  Fahrenheit  is  saturated  by  0.636  of  its  own 
weit^ht  of  grape  sugar. 

There  is  still  a  third  class  of  sugars^  which  seem  to  exist  only  in 
the  liquid  state,  and  to  pass  into  glucose  when  evaporated  to  dry- 
neat.  Of  these  less  is  accurately  known  than  of  either  of  the  pre- 
ceding classes.  These  sufirars  have  borne  among  chemists  the  name 
of  frait  or  liquid  sugar;  M.  Soubeiran  has  proposed  the  term  cAy- 
lari^se  for  them.  M.  Biot  found  that  the  sugar  contained  in  freeh 
grapes  diifers  from  glucose  in  rotating  the  plane  of  polarization  in 
the  opposite  direction.  Cane  sugar  also,  in  solution,  is  converted 
by  fermentation  and  acids  into  a  peculiar  sugar  which  polarizes  te 
the  left;  and  this  sugar  exists  in  large  quantity  in  molasses  which 
has  been  long  made.  Both  of  these  liquid  sugars  are  by  evapora- 
tion converted  into  right- polarizing  glucose,  and  cannot  after- 
wards be  made  to  polarize  as  at  Brst  to  the  left.  M.  Dumas  re- 
marks :*  '^  Cane  sugar  forms  a  species  perfectly  distinct.  We  do 
not  know  in  what  consists  the  modification  which  renders  it  uncrys^ 
tallizable  in  molasses,  but  it  is  beyond  doubt  that  there  exists  a 
species  of  cane  sugar  which  has  been  rendered  uncrystallizable. 
Starch  is  converted  by  acids  into  a  distinct  sugar,  which  I  call  glu^ 
clost;  this  may  also  become  inc»pable  of  assuming  the  solid  state} 
there  is  therefore  an  uncrystallizable  sflucose.'' 

All  these  sugars  are  composed  chemically,  asare  also  gum,  vegetSH 
ble  fibre,  starch,  &|C.,  of  carbon,  hydrogen,  and  oxygen,  the  twd 
la^t  in  proportions  in  which  they  form  water;  hence  chemical  vc- 
tioDS  which  deprive  them  of  water,-  or  impart  it  to  them,  convert 
often  one  ipto  another.  Sugar  may  be  considered  also  as  composed- 
of  carbonic  acid,  and  alcohol,  and  very  slight  disturbances  of  the 
forces  of  attraction  between  their  atoms  will  bring  to  pass  this 
change  of  arrangement  of  their  elements;  such  is  the  explanation 
of  the  phenomenon  of  vinous  fermentation.  Alcohoij  by  combining 
wi^h  the  oxygen  of  the  atmosphere,  is  converted  readily  into  vine- 
gar; hence  the  reason  of  the  modern  German  process  of  allowing 
spir.ts  to  trickle  through  a  pile  of  shavings,  or  of  hay,  thus  expos- 
ing a  large  surface  to  the  air,  and  quickly  converting  it  into  vine- 
gar. 

I  have  been  thus  minute  in  these  preliminary  remarks,  that  the 
L  difficulties  of  answering  the  question  in  the  resolution  of  the  House 
[  of  Representatives,  ^^  what  quantity  of  sugar  is  contained  in  differ- 
ent saccharine  substances  1"  may  be  understood  and  appreciated 
by  those  who  proposed  that  question;  and  that  the  propriety  of  the 
course  pursued  in  these  investigation^?,  to  p-ttcnd  chiefly  to  milters 
upon  which  the  experit-ncf  ot  the  government  sh.)ws  knowledge  to 
be  most  requisite,  may  fully  apji^nr.  Before  the  above-mentioned 
question  can  be  directly  answered,  it  should  be  stated,  what  kind 
of  sugar  is  meant.  In  molasses,  for  instance,  there  are  at  least  (wo 
kinds  of  sugar<,  60  per  cent,  of  good  crystallizable  cane  sugar,  and 
a   large  proportion   of  liquid    sugar,   mixed  probably   with  grape 

*  See  TfAiU  d«  Chiaou,  app.  anx  Artt^  t.  6,  p.  270. 
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sugar,  (saceharo-gliicose.)  In  raw  or  brown  sogar  there  are  con- 
tained, besides  impurities,  both  cane  sugar  and  grape  sugar.  So 
also  much  of  the  so  called  refined  sugar  contains  a  large  quantity 
of  grape  sugar,  which  constitutes  a  great  impurity;  for  its  sweeten- 
ing power  is  two  and  a  half  times  less  than  that  of  pure  crystallized 
cane  sugar.  And  such  is  the  practical  e£fect  of  this  impurity,  that, 
as  I  had  recently  occasion  to  learn,  three  pounds  of  pure  sugar  go 
as  far  in  preserving  fruits  and  other  (domestic  uses  as  four  pounds 
of  the  common  or  imperfectly  refined  loaf  sugar  of  our  markets; 
a  fact  which  is  important  to  be  known  in  domestic  economy,  for 
the  house  wife's  rule  of  ^'  pound  to  pound"  should  be  changed  to 
three-quarters  of  a  pound  to  every  pound. 

The  necessity  of  investigating  the  distinctive  properties  of  differ- 
ent sugars,  before  chemistry  will  have  attained  accuracy  in  this 
important  branch  of  that  science,  will  appear  from  the  confusion 
which  the  preceding  remarks  show  to  exist.  It  is  no  reproach  to 
chemistry,  however,  that  such  investigations  have  yet  to  be  made, 
for  as  an  exact  science  it  is  but  half  a  century  in  age,  while  organie 
analysis  is  in  its  infancy,  and  most  of  those  to  whom  we  owe 
the  first  accurate  analyses  of  organic  substances,  as  well  as  the 
methods  employed,  are  still  in  the  prime  of  life  and  usefulness* 
The  quantitative  and  beautiful  method  by  the  circular  polarization 
of  light  is  scarcely  known  generally  to  chemists;  and  it  is  perhaps 
the  dawn  of  a  new  branch  of  science,  to  which  M.  Biot  has  already 
^iven  the  name  ^^  optical  chemistry."  To  the  young  analytical 
chemist  it  opens  a  wide  and  rich  ^eld  of  research,  and  to  the  arts 
it  has  already  yielded  abundant  fruit,  while  it  bids  fair  to  illumine 
many  of  the  dark  recesses  of  medical  science. 
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SECTION  I. 


0»  ih€  quantitativi  and  qualiiaiipe  analysis  of  sugars^  sirupsy  amd 
molassesj  and  parHcularly  those  derived  from  the  cane. 

1.  Cane  sugar  is  one  of  the  numerous  class  of  organic  substances 
wbose  elements  seem  to  be  held  together  by  chemical  forces  of  very 
feeble  intensity,  so  that  very  slight  causes  are  sufficient  to  alter  its 
nature  and  change  it  into  entirely  di£ferent  bodies.  Sy  fermentation 
it  is  converted  into  mucilagCi  lactic  acid,  or  alcohol  and  carbonic 
acid.  The  influences  exerted  upon  it  by  heat,  atmospheric  air,  and 
nitrogenous  substances,  are  very  powerful  and  important,constituting 
as  they  do  obstacles  to  the  planter  and  refiner,  which  they  have  ear- 
nestly but  in  vain  epdeavored  to  overcome.  Science  has  been  called 
to  their  aid  with  but  little  effect;  and  though  of  late  years  important 
improvements  have  been  made,  especially  in  refining,  the  principal 
difficulties  in  the  manufacture  of  sugar  are  still  unremoved.  It 
will  not,  therefore,  appeair  strange  that  the  chemist  has  found  his 
trouble,  also,  in  the  investiga^tion  of  this  substance ;  the  agents 
which  he  usually  employs  in  analysis,  without  so  destroying  the 
substance  experimented  upon  that  it  may  not  be  separated  again 
unchanged,  sever  the  elements  of  cane  sugar  so  completely  from 
their  mutual  combination,  that  it  seems  impracticable  to  reunite 
them;  and,  indeed,  the  present  state  of  chemical  science  upon  this 
subject  goes  far  to  show  that  it  is  scarcely  more  possible  to  recon- 
struct the  atom  of  sugar,  when  once  so  destroyed,  than  it  would  bt 
to  restore  the  crushed  plant  from  the  mill  to  the  condition  in  which 
it  stood  in  the  field.  High  rewards  have  been  offered  by  govern*- 
ments,  and  by  th«  Academy  of  Sciences  of  Paris,  for  an  exact  che- 
mical method  of  separating  and  analyzing  the  different  varieties  of 
sugar  .in  mixture  with  each  other  or  foreign  substances.  Such  a 
method  is  yet  undiscovered.  Although  tnat  almost  mathematical 
accuracy  which  the  modern  chemist  is  required  to  attain  in  his  in- 
vestigations, and  which  will  not  admit  of  errors  in  his  weighings 
of  even  the  hundredth  part  of  a  grain,  has  not  been  reached  in  the 
analysis  of  sugars,  we  possess  methods  which,  for  all  practical  pur- 
poses, are  sufficiently  precise,  and  which  give  earnest  that  exact 
chemical  science  will  not  long  allow  even  this  unstable  substance 
to  elude  its  skill.     These  methods  will  now  be  described. 

2.  If  it  be  required  to  ascertain  the  quantity  of  sugar  contained 
in  a  solution  composed  only  of  pure  water  and  cane  sugar,  this  may 
be  done  by  four  different  methods,  two  of  which  are  applicable  to 
such  solutions  only,  while  the  remaining  two  may  likewise  be  em- 
ployed when  the  solution  contains  other  substances  besides  cane 
sugar.  These  four  methods  are:  by  evaporation,  by  specific  gravity, 
by  fermentation,  and  by  the  circular  polarisation  of  light. 


[SO]  80 

3.  By  evaporation. — This  is  best  performed  under  the  receiver  of 
an  air  pump,  as  heat,  if  protracted,  will  convert  cane  sugar  into 
sugar  not  unlike  grape  sugar,  or  that  obtained  from  starch  by  the 
action  of  acids,  diastase,  &c. ;  but  for  practical  purposes,  evaporation 
of  Email  quantities  in  a  porcelain  capsule,  by  a  water  bath,  so  that 
the  heat  may  not  exceed  212^  Fahrenheit,  will  give  results  of  suffi- 
cient accuracy.  The  open  flame  of  a  lamp  would  be  apt  to  burn 
or  caramelize  a  portion  of  the  sugar.  When  an  air  pump  is  em* 
ployed,  a  vessel  containing  concentrated  sulphuric  acid  should  be 
used  to  remove  vapor  from  the  exhausted  receiver. 

In  nice  scientific  investigations,  it  becomes  important  to  fix  the 
standard  which  shall  be  regarded  as  dry,  solid  cane  sugar.  Brown 
sugars  usually  contain  a  large  quantity  of  molasses  and  hy^rometric 
moisture.  And  even  pure  white  crystallized  sugar  exists  m  several 
states  of  aggregation,  which  vary  in  this  respect;  rock  candy  and 
loaf  sugar,  fine  and  coarse  grained,  more  or  less  spongy  in  its  tex- 
ture, differ  from  each  other,  slightly  it  is  true,  yet  sufficiently  to 
exert  an  appreciable  influence  in  very  exact  researches.  Large 
crystals  are  apt  to  enclose  portions  of  the  mother  liquor  between 
their  lamins;  for  this  reason,  rock  candy,  when  perfectly  white  and 
transparent,  is  not  a  proper  standard,  unless  it  first  be  powdered 
finely  and  dried.  Porous  loaf  sugar  would  also  be  an  improper 
standard,  on  account  of  hy^rometric  moisture  held  between  its 
crystals  by  capillary  attraction.  M.  Biot,  who  had  occasion  to 
make  a  series  of  very  nice  researches  upon  this  subject,  takes  as 
a  standard  finely  powdered  rock  candy,  perfectly  white  and  pure, 
and  dried  by  exposure  for  a  long  time  to  the  ordinary  atmospheric 
temperature  in  a  dry  room.  If  stove  dried,  or  by  means  of  an  air 
pump,  the  hygrometic  state  would  not  be  that  under  which  sugar 
usually  exists  in  commerce;  and  this,  its  mean  or  normal  condition, 
is  certainly  that  which  should  usually  be  understood  as  designated^ 
when  not  otherwise  expressly  stated.  In  my  own  researches  I  have 
employed,  as  a  standard,  powdered  loaf  sugar,  which  had  remained 
in  a  dry  room  for  eighteen  months,  refined  by  J.  S.  Lovering  A.Co.| 
of  Philadelphia,  by  the  vacuum  process,  and  without  the  use  of 
blood,  eggs,  or  any  other  objectionable  substance  ;  the  purity  of 
which  I  ascertained  by  the  most  delicate  tests ;  and  I  could  not 
detect  in  it  the  slightest  trace  of  foreign  matter.  The  beauty  of  the 
sugar  refined  by  this  house  exceeds  that  of  any  foreign  sugar  I  have 
sec'n;  and  having  been  permitted  to  inspect  their  establishment, 
and  carefully  examine  the  piocess  of  refining  there  employed, 
^hrriugh  all  its  different  stages,  I  feel  assured  that  the  sugar  I 
adopti^d  as  a  standard  bad  been  subjected  to  no  action  which  could 
impair  its  perfect  purity. 

4.  By  sperific  gravity. — When  sugar  is  dissolved  in  water,  the 
solution  becomes  heavier,  or  possesses  greater  density;  by  mixing, 
therefore,  accurately  determined  weights  of  water  and  sugar,  m 
various  proportions,  and  ascertaining  experimentally  the  weight  of 
a  constant  volume  of  each,  tables  may  be  formed  which  will  tell  by 
aspection   the  quantity  of  sugar   contained  in  a  solution  whose 
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dlensity  is  either  given  or  ascertained  by  means  of  an  ordinary 
balance,  according  to  the  well  known  methods,  or  with  a  hydrome- 
ter graduated  to  read  specific  gravites.  Tabk  I  of  the  appendix 
constructed  by  Niemann/  and  pronounced  by  Yentske  to  be  accu- 
rate, is  intended  for  this  purpose.  It  is  adapted  to  the  temperature 
of  €34^  Fahrenheit,  (17^^  centigrade,)  but  may  be  used  for  tempera*^ 
tores  near  to^that;  for  a  slight  di£ference  of  temperature  would  only 
affect  the  fourth  decimal  place.  As  hydrometers  graduated  to  read 
specific  gravities  are  rare,  costly,  and  of  difficult  construction,  I 
give  also   table   II,   constructed   by    M.   Payen,  which  shows  the 

Juantity  of  sugar  for  each  degree  of  Beaum6  {p^se  strop,)  the  by- 
rometer  usually  employed  by  refiners  and  planters.  As  the  i&- 
•trament  of  Beaum4  often  varies,  however,  even  by  whole  deereeS| 
accordir.g  to  the  skill  and  standard  of  the  maker,  it  should  always 
be  verified  by  comparing  it  with  the  indications  of  solutions  of  sugar 
mixed  for  the  purpose  in  the  proportions  of  the  table.  A  hydro- 
Meter  might  readily  be  constructed,  the  divisions  of  which  should 
express  the  per  centage  of  sugar  in  a  solution;  and  such  an  instru- 
ment would  be  found  simpler,  and  preferable  to  any  other. 

The  use  of  hydrometers,  though  very  convenient  for  pure  solu- 
tions of  crystal iizable  cane  sugar,  becomes  inadmissible  when  grape 
sugar,  molasses  sugar,  or  other  substances,  are  combined  with  it; 
for  each  substance  dissolved  affects  the  density,  and  it  is  impossible 
to  distinguish  the  relative  portion  of  the  combined  effect  which  is 
to  be  ascribed  to  the  agency  of  each  different  ingredient.  For  this 
rsBson  hydrometers  will  not  determine  the  quantity  of  cane  sugar 
in  molasses. 

6.  Before  stating  the  details  of  the  methods  by  fermentation  and 
polarization,  as  these  methods  are  applicable  to  solutions  contain* 
mg  other  substances  besides  eane  sugar,  I  shall  give  the  tests  to  be 
employed  in  the  qualitative  analysis  of  sugars;  the  most  delicate 
sad  important  of  whicfh  is  the  copper  test  of  Trommer,  as  commu- 
Bicated  by  Mitscherlich  to  the  Berlin  Academy  of  Science. f  The 
solution  is  treated  with  aqua  potassse,  and  then  a  dilute  solution  of 
svlphate  of  copper  is  added.  Cane  sugar  becomes  of  an  intense 
Uoe  color;  it  may  even  be  boiled  with  an  excess  of  potash  without 
separation  of  protoxide  of  copper,  which  occurs  only  after  protraet- 
ed  boiling.  When  the  experiment  is  performed  without  heat,  the 
solution  remains  unchanged  for  several  days,  and  protoxide  of 
copper  separates  only  after  long  boiling.  A  slight  separation  of 
protoxide  of  copper  occurs,  if  it  be  allowed  to  stand  a  long  while; 
but,  even  after  several  weeks,  the  reduction  of  the  oxide  of  copper 
does  not  perfectly  take  place.  If  a  solution  of  grape  sugar  and 
potash  be  treated  with  a  solution  of  sulphate  of  copper,  until  the 
hydrated  oxide  of  copper,  which  separates,  is  redissolved,  after  a 
short  time,  and  at  the  ordinary  temperature,  protoxide  of  copper 
separates;  if  we  warm  the  solution,  immediately  the  protoxide  se* 

*  8m  AnoftlflB  der  PharmMic,  ii,  p.  340. 
-  t  8m  Ausba  An  Phtnaacis.    Ltibeg  sad  WShlar,  vol.  $9,  p.  SSO. 
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parates,  and  the  solation  becomes  colorless,  even  if  a  small  quan- 
tity of  sulphate  of  copper  has  been  added.  A  solution  which  con- 
tains a  hundred  thousandth  part  of  grape  sugar  gives,  when  boiled, 
a  visible  precipitate;  and  when  it  contains  a  millionth,  by  trans- 
mitted light  the  solution  has  a  reddish  color.  We  may  by  this  test 
show  that  cane  sugar,  before  it  enters  into  fermentation,  is  first 
*  converted  into  a  sugar  resembling  grape  or  fruit  sugar.  Milk  sugar 
behaves  with  the  copper  test  like  grape  sugar,  but  causes  the  reduc* 
tion  of  oxide  of  copper  to  protoxide  still  more  rapidly.  The  pe- 
culiar action  of  this  copper  test  is  due  to  the  extreme  facility  with 
which  all  sugars,  except  cane^  reduce  salts  of  copper  in  their  alka- 
line solutions,  when  raised  for  an  instant  to  boiling.  Owing  to  the 
fact  that  boiling  converts  cane  into  uncrystallizable  sugar,  which 
might  be  supposed  to  pre-exist,  this  test  requires  to  be  used  with 
care;  but  its  delicacy  is  indeed  astonishing. 

With  the  copper  test,  a  solution  of  gum  gives  a  blue  precipitatey 
insoluble  in  alkaline  water,  but  soluble  in  pure  water,  which,  when 
boiled,  does  not  become  black — a  proof  that  the  precipitate  is  not 
hvdrated  oxide  of  copper,  which  parts  with  its  water  and  becomes 
black  at  212^  Fahrenheit;  but  that  it  is  a  combination  of  gum  with 
oxide  of  copper.     So  likewise  behave  starch  and  gum  tragacanth* 

A  solution  of  dextrine  gives,  without  a  trace  of  a  precipitate^  a 
deiep-blu^  liquid,  which,  when  allowed  to  stand  a  long  time,  does 
not  change,  but  from  which,  if  heated  to  185^  Fahrenheit,  a  red 
crystalline  precipitate  of  protoxide  of  copper  soon  separates. 

If  to  a  solutipn  of  gum  we  add  dextrine,  we  always  obtain,  be- 
sides a  precipitate,  a  blue-colored  liquid.  Dextrine  is,  therefore,  a 
distinct  substance  from  gum.  From  this  reaction  we  may  readily 
be  convinced  that  gum  contains  no  dextrine.  And  when  starch  is 
converted,  by  nitric  or  hydrochloric  acid,  into  dextrine;  or  by 
sulphuric  acid,  diastase,  or  animal  membi^ane,  first  into  dextrine, 
and  then  into  grape  sugar,  the  copper  test  shows  that  no  gum  is 
formed  as  an  intermediate  product.  If  a  precipitate  be  obtained, 
it  is  still  undecomposed  slarch,  which  is  readily  shown  by  a  solu- 
tion of  iodine. 

Cane  sugar  is  readily  distinguished  from  other  sugars  by  tiie 
optical  test  of  polarized  light;  for  acids  convert  it,  without  heat, 
into  a  peculiar  sugar,  which  polarizes  from  right  to  left,  instead  of 
from  left  to  right,  as  for  cane  sugar,  grape  sugar,  starch  sugar,  &c. 
And  this  property  of  bein^  invertible  by  acids  seems  to  belong  to 
no  other  kind  of  sugar.  Lime  and  alkalies,  which  do  not  alter  the 
color  of  cane  sugar,  with  the  aid  of  heat,  render  grape  sugar  dark 
colored.  Cane  sugar  yields  no  precipitate  either  with  the  acetate 
or  subacetate  of  lead — a  property  which  enables  us  to  separate  many 
substances  from  its  impure  solutions.  Absolute  alcohol  does  not 
dissolve  it  to  any  extent,  while  it  readily  unites  with  liquid  or  un- 
crystallizable molasses  sugar. 

• 

6.  Upon  these  two  last-mentioned  properties  depends  the  method 

followed  by  my  friends  Messrs.  Booth  and  Boy6,  for  the  analysis 

vf  molaB^eSf  and  which  I  give  as  communicated  by  them  to  me. 
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Tbe  results  thej  thus  obtained  w^re  embodied  in  a  report  made 
August  1,  1843,  to  Calvin  Blythe,  esq.,  collector  of  the  port  of 
Philadelphia,  and  now  on  file  in  the  Treasury  Department,  a  copy 
of  which  (marked  A)  is  also  annexed. 

In  a  bottle,  carefully  weighed,  put  about  150  grains  of  molasses 
snd  an  equal  weight  of  clean  white  sand,  to  render  solution  more 
easy  by  separating  the  viscid  mass;  then  add  the  strongest  alcohol 
of  the  shops,  and  digest  the  whole  in  a  water  bath  for  nearly  an 
hour,  repeatedly  shaking  the  bottle,  to  dissolve  the  molasses  sugar. 
The  bottl^  is  allowed  to  stand  undisturbed  for  several  hours,  thai 
the  solution  may  become  perfectly  clear;  and  it  is  then  decanted. 
After  this  operation  of  washing  has  been  repeated  twice  or  three 
times,  the  bottle  and  its  contents  are  carefully  dried  by  means  of 
a  water  bath,  and  weighed.  The  loss  in  weight  is  the  amount  of 
uncrystallizable  molasses  sugar  dissolved.  The  alcoholic  solution 
may  be  evaporated  and  examined,  to  ascertain  that  it  contains  no 
considerable  quantity  of  any  other  substance. 

The 'residue  in  the  bottle  is  dissolved  in  water,  and  filtered^  to 
separate  the  sand.  •  TJie  extractive  matter  is  then  separated  from 
the  filtered  solution  by  precipitation  with  subacetate  of  lead,  care- 
fully added,  so  that  perfect  neutrality  may  be  obtained.  The  pre- 
cipitate is  collected  upoa  a  counterpoised  filter,  dried  in  a  water 
bath,  and  weighed.  The  oxide  of  lead,  separated  from  it  by  sul- 
phuric acid,  gives,  by  subtraction,  the  quantity  of  organic  matter 
IB  its  composition. 

From  the  remaining  solution,  which  contains  cane  sugar,  we  may 
obtain  the  quantity  by  fermentation,  evaporation,  or  polarization. 

This  method,  just  described,  I  followed  only  in  one  instance,  find* 
ing  it  more  convenient  to  employ  optical  than  chemical  processes. 

7.  By  fermentation. — If  we  mix  yeast  with  a  ililute  solution  of 
suffar,  and  allow  the  mixture  to  remain  at  a  temperature  of  80°  to 
90^  Fahrenheit,  after  a  short  time  fermentation  will  ensue,  carbonio 
acid  is  disengaged,  and  alcohol  formed.  Th^nard  states  that  one 
part  of  yeast  is  8^fficient  for  five  of  sugar;  and  the  proportions  of 
water  and  sugar  which  are  best  adapted  to  the  transformation  are, 
accortUng  to  M.  Colin,  one  of  sugar  and  three  or  four  of  water. 
When  there  is  but  one  of  sugar  to  eight  of  water,  the  action  is 
laid  to  be  too  slow.  In  my  own  experiments  I  have  employed  so- 
lutions still  more  dilute  without  inconvenience. 

Now,  as  the  composition  of  cane  sugar  is  very  accurately  deter- 
mined, if  it  were  converted  entirely  into  carbonic  acid  and  alcohol, 
we  might  ascertain  the  amount  of  either,  and  calculate  the  exact 
quantity  of  sugar  from  which  it  was  formed.  A  small  quantity  of 
lactic  acid  is,  however,  produced  at  the  expense  of  the  sug^r, 
which  combines  with  ammonia  from  the  decomposing  ferment;  yet 
the  quantity  of  lactic  acid  is  very  small,  if  the  fermentation  be 
properly  conducted;  and  as  it  is  proportional  to  the  nitrogen  of  the 
yeast  employed,  we  might  obtain  a  formula  for  calculating  the 
sugar  transformed  into  lactic  acid  from  the  weight  of  the  yeast. 
Sugar,  under  peculiar  circumstances,  uadergoes  a  patl\euW  U^Ti%^ 
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formation,  known  as  the  viscous  fermentation;  but  this  n€ver  occurs 
when  the  process  w  conducted  properly. 

From  the  )>receding  it  will  appear  that  analyses  of  sugar,  by  fer- 
mentation, though  not  rigorous,  are  yet  sufficiently  accurate  for 
practical  purposes.  Pelouze,  in  his  investigations  of  thg  juice  of 
the  sugar  beet,  determined  the  quantity  of  sugar  contained  by  the 
alcohol  yielded  in  fermentation.  But  it  is  easier  to  ascertain  it 
from  the  carbonic  acid,  the  quantity  of  which  may  be  measured 
over  mercury  or  obtained  by  loss  of  weight;  the  latter  is  prefera- 
ble. For  this  purpose,  the  usual  apparatus,  consisting  pf  a  flask 
or  bottle,  fitted  with  a  chloride  of  calcium  tube,  is  employed.  The 
•agar  or  saccharine  substance  is  first  accurately  weished,  then  in- 
troduced into  the  flask,  and  dissolved  in  a  considerable  quantity  of 
water;  a  small  portion  of  yeast  being  added,  the  whole  is  weighed. 
The  moisture  which  accompanies  the  carbonic  acid  is  absorbed  and 
retained  by  the  chloride  of  calcium.  After  the  fermentation  has 
ceased,  the  carbonic  acid  remaining  in  the  bottle  must  be  expelled, 
by  sucking  atmospheric  air  into  it  with  a  tube;  and  then  the  appara- 
tus should  be  again  weighed;  the  loss  of  weight  is  the  quantity  of 
carbonic  acid  which  escaped.  Now,  every  100  parts,  by  weight,  of 
carbonic  acid,  correspond  to  195,  nearly,  of  cane  sugar;  we  there- 
fore determine  the  latter  when  we  ascertain  the  weight  of  the  for* 
mer.  During  the  fermentation,  the  mixture  is  apt  to  froth  and  swell 
up,  so  as  even  to  find  its  way  through  the  chloride  of  calcium  tube, 
and  thus  cause  a  failure  of  the  operation.  I  have  found  a  small 
quantity  of  olive  oil  floating  on  its  surface,  which  I  tried  at  the 
suggestion  of  my  friend  M.  H.  Boy6,  an  effectual  preventive  of  this 
accident.  For  the  qualitative  analysis  of  sugar,  M.  Quevenne  has 
shown  that  fermentation  is  a  very  delicate  test;  yet  it  is  inferior  to 
the  copper  test.* 

8.  By  circular  polarization. — ^To  a  remarkable  optical  phenom-* 
enon,  discovered  by  Arago  in  crystallized  quartz  cut  perpendicu- 
larly to  its  axis,  and  also  by  Biot  in  liquids  of  vegetable  or  animal 
origin,  Fresnel  has  given  the  name  of  circular  polarization.  Biot 
baa  investigated  the  subject  with  remarkable  skill  and  success,  and 
furnished  to  the  chemist  a  means  by  which  he  may  impress  light, 
that  most  subtle  and  intangible  of  the  agents  of  nature,  into  his 
service,  and  substitute  it  for  the  balance  in  determining  weights  of 
organic  matter  with  all  requisite  accuracy — a  discovery  as  singular 
as  it  is  beautiful. 

When  a  ray  of  ordinary  light  is  transmitted  through  a  rhomboid 
of  Iceland  spar,  or  any  crystal  which  does  not  belong  to  the  regu- 
lar system  with  three  equal  rectangular  axes  of  symmetry,  it  will, 
in  almost  every  direction,  be  divided  into  two  rays  of  equal  inten- 
sity, refracted  at  different  angles,  one'  in  the  plane  of  incidence, 
the  ordinary  ray;  the  other  in  a  different  plane,  the  extraordinary 
ray.  If  it  comes  from  a  luminous  body,  as  for  instance  a  candle, 
then  an  eye  looking  through  the  crystal  will  behold  two  images  of 

*  866  Joomal  4b  PiiarmseiBi  t.  xzvii,  p.  689. 
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equal  brilliancy.  This  is  the  property  asoally  spoken  of  as  that  of 
double  refraction.  If  the  crystal  be  revolved  in  a  plane  at  right 
angles  to  the  raj  aa  an  axis  of  rotation,  then  will  the  images  ap- 
pear to  revolve  round  each  other,  but  their  intensity  will  not  vary. ' 
Ifi  however,  the  ray  be  one  which  has  already  passed  through  a 
donbly  refracting  crystal;  or  which  has  suffered  reflection  from  a 
polished  surface  of  glass  at  an  angle  of  35^  22',  then  will  it  pos- 
sess peculiar  properties,  to  which  Malus,  their  discoverer,  has 
given  the  name  of  polarization.  If  a  ray  of  polarized  light  be 
transmitted  through  a  doubly  refracting  crystal,  it  is  divided  into 
two  rays  of  unequal  intensity,  or  an  eye  would  behold  two  images 
of  unequal  brightness.  Let  t  be  the  incident  ray,  s  the  angle 
formed  by  the  principal  section  of  the  second  crystal  with  that  of 
the  first,  or  with  the  plane  of  reflection,  o  the  ordinary  ray,  and  e  the 
extraordinary;  then  will 

o=sf  COS.  *Xj         esssi  sin.  *x, 

the  sum  of  which  is  always  equal  to  t,  the  incident  ray.  When 
jtssO,  or  x  =  180^,  then  oast  and  €s=sO.  And  when  x^a90^,  or 
s^=s27(y,  we  have  esst,  and  es>=0.  Hence,  at  each  quadrant,  the 
ordinary,  and  extraordinary  ray  alternately  disappear,  and  these 
two  rays  are  always  complementary  to  each  other. 

Of  doubly  refracting  crystals,  some  are  symmetrical  about  one 
particular  line  of  figure,  others  unsymmetrical;  they  thus  consti- 
tute two  distinct  classes.  If  a  face  be  cat  any  where  upon  these 
crystals,  a  ray  of  light  falling  perpendicularly  upon  it  will  gene- 
rally suffer  double  refraction.  But  for  crystals  of  the  first  clasSi 
tkere  is  one  position  of  the  plane  or  face,  for  which  the  normal 
ray  is  transmitted  without  \livision;  while  for  crystals  of  the  second 
class,  there  are  two  or  more  such  positions.  The  normal  ray  for 
such  planes  is  called  an  optical  axtr,  and  crystals  are  consequently 
distinguished  as  crystals  of  one  axis  and  crystals  of  two  or  tnort 
axes. 

When  a  normal  ray  of  homogeneous  polarized  light  falls  upon  a 

{date  of  a  doubly  refracting  crystal  of  one  axis,  cut  perpendicu- 
arLy  to  that  axis,  it  is  transmitted  unchanged.  To  this  law  quarts 
presents  the  only  exception  among  crystallized  bodies;  and  it  is  to 
the  peculiar  phenomena  presented  alike  by  this  substance  and  cer- 
tain organic  liquids,  under  such  circumstances,  that  the  term  of 
circular  polarizationy  or  rotatiouj  is  applied.  The  ray  which  has 
passed  through  them  remains  polarized,  but  its  plane  of  polariza- 
tion has  revolved  about  the  axis;  plates  cut  from  some  specimens 
of  quartz  cause  it  to  revoke  to  the  rights  from  others  to  the  left. 
In  that  variety  of  quartz  which  HaQy  called  plagiedraly  the  incli- 
nation of  the  plagiedral  faces  has  been  discovered,  by  Sir  John 
Herschel,  to  determine  and  be  intimately  connected  with  the  direc- 
tion of  the  rotation.  So  likewise  liquids  cause  rotation,  some  to 
the  right,  others  to  the  left.  The  more  refrangible  rays  of  the 
spectrum   have  their  planes  of  polarization    displaced  the  most; 
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thus  the  plane  of  the  red  ri^y,  when  that  ray  is  transmitted  throogb 
a  plate  of  quartz  ene  millimetre  in  thickness,  will  deyiate,  atseord- 
ing  to  Biot,  by  an  angle  of  IT'  29'  47";  while  the  plane  of  the 
more  refrangible  violet  ray  will  rotate  through  44^  4'  58'^  Hence> 
a  ray  of  white  polarized  light  will  be  decomposed  into  rays  of 
every  color  polarized  in  different  planes.  Biot^has  shown  that  the 
angle  of  deviation  for  each  homogeneous  ray  will  vary  proportion- 
ally to  the  thickness  of  the  stratum  of  liquid  ^through  which  it' 
passes;  and  that  the  angles  of  deviation  for  the  different  colors 
will,  for  each  respective  thickness,  be  to  each  other  in  constant 
ratios;  which  ratios  Biot  finds  also  to  be  the  same  for  every  active 
substance,  except  tartaric  acid  and  its  combinations.*  The  fore- 
going facts  will  render  the  terms  employed  of  distinct  significa- 
tion, and  at  the  same,  time  serve  to  explain  more  fully  the  phenom- 
ena upon  which  the  method  of  chemical  analysis  by  circular  polar- 
ization depends. 

In  the  y^ar  1815,  M.  Biot  communicated  to  the  Academy  of 
Sciences  the  discovery  that  certain  liquids,  such  as  essence  of  tur- 
pentine, oil  of  citren,  spirits  of  camphor,  &c.,  possess  the  property 
of  circular  polarization.  And  the  previous  investigation  which  he 
had  made  of  the  laws  of  that  phenomenon,  as  presented  in  quartSy^ 
prepared  him  to  seize  upon  its  more  hidden  and  feeble  indicatione 
in  liquids. 

Yet  it  was  not  before  1832  that  he  had  brought  his  apparatus  and 
methods  to  the  degree  of  perfection  requisite  for  organic  chemical 
analysis.  By  a  series  of  researches,  made  with  the  greatest  carei 
M.  Biot  arrived  at  the  following  laws.f  The  angle,  of  deviatvan 
for  each  ray  of  homogeneous  light  is  proportional  to  the  length  of 
the  tube  or  stratum  of  liquid  it  contains^  the  density  retnaining  eon-- 
m<int.  It  is  proportional  likewise  to  the  number  of  active  particloo 
tfi  the  liquid. 

A  pure  solution  of  cane  sugar,  containing  ten  per  cent,  of  sugar^ 
will  rotate  the  plane  of  polarization  through  twice  the  angle  pro- 
duced by  one  of  five,  the  length  of  the  tube  being  the  same,  nor 
will  this  angle  vary  if  the  solution  be  diluted  with  water,  or  any 
other  inactive  substance,  such  as  alcohol,  sulphuric  ether,  &c.,  if 
we  increase  the  length  of  the  tube  in  the  same  ratio.  Biot  found 
that  spirits  of  turpentine  reduced  to  the  state  of  vapor  at  rest  or  in 
motion,  or  liquid  and  violently  agitated  by  a  mechanical  con* 
trivance  moved  by  clock  work,  still  retained  its  polarizing  power 
unaltered.  And  if  liquids  polarizing  in  opposite  directions  be 
mixed,  in  quantities  inversely  proportional  to  their  rotary  powers, 
then  will  their  effects  be  mutually  destroyed,  and  the  plane  of  po- 
larization remain  undisturbed.  Hence  it  follows,  that  circular  po- 
larization does  not  depend  upon  the  relations  of  symmetry  or  posi- 
tion of  masses;  that  it  depends  upon  the  nature  of  the  molecules 
themselves,  and  therefore  is  one  of  the  characteristic  properties  of 
the  substances  which  possess  it;  and  that  the  total  or  integral  an- 

*  Memoires  de  I'Acad^mio,  t.  zv,  p.  96.    Ibid,  ii,  p.  53. 

t  Memoiret  de  I'Aoad^mie,  t.  ziii,  p.  116  ;  t.  xv,  p  100 ;  t.  zti,  p.  241. 


27  '  [50J 

gU  of  deviation  of  the  plane  of  polarization  for  any  given  ray  is 
the  sum  of  all  the  infinitely  small  deviation!^  produced  by  the 
molecules. 

The  molecular  rotary  power  of  a  substance  is  therefore  one  of  the 
constants  of  its  nature.  For  different  substances,  this  constant  is 
either  positive,  to  the  right;  or  zero,  molecularly  inactive;  or  nega* 
tive,  to  the  left.  Let  M  represent  the  molecular  rotary  power  of 
an  active  substance;  for  instance,  of  crystallizable  cane  sugar.  Then 
it  is  evident,  from  the  preceding  that 

(•)=_i-=-fL.     -     -     -'-     .     -    (1); 

^  '        IbS      rs'S'  ^  '' 

In  which  a,  a'  are  angles  of  deviation  for  a  particular  ray,  e.  g.  the 
violet  blue,  as  observed  through  tubes  of  the  respective  lengths  I 
{';  and  for  solutions  of  the  densities  ^  and  ^'  containing  the  proper* 
tions  «  and  e'  of  active  matter.  This  is  Biot's  formula  for  the  ro- 
tary power  of  solutions  containing  only  one  kind  of  active  matteti, 
and  it  is  evidently  adapted  to  logarithmic  comjAtation. 

To  render  this  formula  more  general  and  convenient  in  chemical 
operations,  suppose  the  solution  to  be  somewhat  colored,  sufficiently 
so  to  render  it  impossible  for  the  naked  eye  to  decide  the  tone  of 
color  produced  by  circular  polarization.  Then,  by  means  of  col- 
ored glasses,  red,  green,  or  yellow,  we  may  still  obtain  the  devia- 
tions of  their  respective  planes,  which  it  may  be  required  to  reduce 
to  the  corresponding  deviations  of  the  violet-blue  ray,  as  they  would* 
have  been  observed  by  the  naked  eye  if  the  solutions  were  perfectly 
colorless.  Now,  as  stated  above,  the  deviations  of  different  col- 
ored rays  are  to  each  other  in  constant  ratios,  except  fbr  tartaric 
aeid;  hence,  let  m  be  the  coefficient  by  which  we  must  multiply 
the  observed  angles  of  deviation  to  reduce  them  to  the  angles  which 
would  have  been  observed  for  the  red  ray,  or  through  a  glass  traiis- 
mitting  only  homogeneous  red  light,  which  glasses  colored  with 
protoxide  of  copper  are  found  to  do.     Then 


ifl  the  general  formula  for  deviations  of  the  red  ray,  taken  as  a 
standard  of  comparison;*  in  which  (a')=rm(a)  is  the  rotary  power 
for  the  unit  of  substance,  and  for  the  red  ray. 

The  analytical  chemist  often  finds,  in  his  investigations  of  organic 
bodies,  that  substances  exist  in  solution  which  cannot  be  separated 
without  destroying  them,  or  without  admixture  or  conibination  with 
other  ingredients.  It  is  in  such  instances  especially  that  the  method 
of  analysis  by  circular  polarization  has  its  greatest  advantages. 
For,  then,  if  the  substance  he  would  isolate  possesses  rotary  power, 
and  18  the  only  active  matter  in  solution,  he  may  entirely  disregard 
the  substances  with  which  it  is  mixed.     On  this  account,  distilled 

*  Am  Comptes  Reodas  dec  IManoM  da  i'Aeadteiei  t.  V9,  p.  619. 
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or  pure  water  is  not  required,  and  eren  water  highly  impregnated 
with  mineral  substances  may  be  used,  proyided  it  possesses  no 
chemical  power  to  change  the  nature  of  the  substance  to  be  dis- 
aolved  in  it. 

Biot  has  found  that  solutions  of  cane  sugar,  and  of  sugars  gener* 
ally,  whether   mixed  or  separate,  may,  as  far  as  their  optical  pro- 

5erties  are  concerned,  be  regarded  as  simple  mechanical  mixtures. 
'o  ascertain  this,  they  were  dissolved  in  very  different  and  numer- 
ous proportions,  and  the  angles  of  deviation  observed  were  found 
to  be  exactly  proportional  to  the  quantities  of  active  matter  in  so- 
lution. 3o  that*  determinations  by  this  method  possess  all  the  ac- 
curacy attainable  for  other  substances  by  means  of  a  delicate 
balance. 

As  (a)  and  (a')=m  (a)  are  constants,  for  each  chemical  substance, 
too  much  care  ^nd  nicety  cannot  be  spent  upon  their  exact  deter- 
mination; and  this  once  done  with  the  required  accuracy,  need  not 
be  afterwards  repeated.  If  by  rigid  observations  we  have  obtained 
{«)  for  the  violet-blue  ray,  and  (a')  or  the  coefficient  m  for  the  red 
ray  of  the  protoxide  of  copper  glass,  we  have  by  equation  (1) 

The  density  i  is  observed  by  the  well-known  methods  for  taking 
apecific  gravities,  and  /  is  measured.  Hence  s  is  the  only  unknown 
quantity  in  equation  (2),  and  is  determined  by  it.  To  explain  the 
j^ecise  meaniag  of  the  first  member  of  this  equation — the  value  of 
wl^ich  is  given  by  the  second,  which  contains  only  known  quanti- 
ties— if  the  half  pint  measure  be  defined  as  that  which  conts^ins,  at 
66ff^  Fabr.,  the  one-hundredth  part  qf  a  cubic  foot  of  water,  and 
weighs  ten  ounces  troy;  and  if  the  densities  be  either  taken  at,  or 
reduced  by  calculations  to,  this  temperature,  for  which  that  of  dia* 
tilled  water  is  assumed  to  be  unity;  then  as  s  is  the  unknown  pec 
cent,  of  active  matter,  in  each  unit  by  weight  of  the  solution,  and 
i  represents  the  weight  in  ounces  of  a  half  pint  of  the  solution,  si 
will  represent  the  quantity  in  ounces  of  the  active  substance  con- 
tained in  a  half  pint  of  the  solution;  and  if  we  multiply  by  480,  we 
shall  reduce  this  to  grains.  It  is  evident  that  S  need  not  be  known 
except  to  obtain  s,  the  per  centage;  and  that  sS  will,  for  practical 
purposes,  often  he  sufficient. 

If  we  make  c  =  — ,  and  c'= ,  then  equation  (2)  gives 

(«)  («0 

sa  =  cJL,=c'ii:; 

where  a',  the  angle  observed  directly  with  the  red  oxide  of  copper 
glass,  is  equal  to  a,  the  angle  of  deviation  of  the  violet  blue  ray, 
multiplied  by  m,  the  constant  coefficient.  For  the  glass  which  he 
employed,  M.  Biot  has  found  m  equal  to  ||;  by  which  quantity, 


as  [50  J 

tbereforei  all  olseryttions  of  the  riolet  blae  my  are  to  he  multi- 
plied,  to  reduce  them  to  Biot's  red  ray.  By  very  exact  determina- 
tioBs,  M.  Biot  finds  for  cane  sugar  c  =  1.4,  and  c'  =  1.827.  So  that 

a 
e  S  S3  1.4  —  J  for  the  riolet  blue  ray;  and 

a' 
s  S  =s  1.82t  —  ,  for  the  red  oxide  of  copper  glass. 

9.  One  of  the  applications  of  this  method  is  to  observe  the  quan- 
tity of  diabetic  sugar  contained  in  the  urine  of  persons  afflicted 
with  the  peculiar  disease  which  produces  it.  Biot  finds  diabetic 
sugar  given  to  him  by  M.  P^ligot,  in  1836,  identical  with  that  pre- 
sented by  the  same  person  in  1840,  and  also  another  specimen  oh* 
tained  from  BI.  Bouchardat,  and  gives  for  diabetic  sugar  the  for- 
mula 


For  the  violet  blue  rayj 

t«=a  2.176 

a 
> 

For  the  red  ray, 

*<=a  2.838 

0' 

7' 

For  miuimum  intensity  of 

light, 

«  4  =  2.34 

o" 

/ 

10.  Hitherto,  we  have  supposed  the  solution  to  contain  only  one 
active  ingredient]  now,  let  it  contain  unknown  quantities  of  crys- 
tallizable  cane  sugar  mixed  with  uncrystallizabie  sugar,  or  anj* 
other  substances,  the  rotary  power  of  which,  if  they  have  atky,  ir 
not  altered  by  acids,  without  the  application  of  beat;  then,  may 
the  quantity  of  crystallizable  cane  sugar  still  be  readily  determined 
by  the  use  of  acids. 

M.  Biot  has  found  that  the  stronger  acids  generally,  when  intro- 
duced cold  into  solutions  of  crystallizable  cane  sugar,  invert  the 
polarizing  power,  or  cause  them  to  rotate  from  right  to  left,  instead 
of  from  left  to  right.  And  this  seems  to  be  a  property  helon^nn^to 
cane  sugar  only.  All  other  sugars  remain  unchanged  unJer  the  in- 
fluence of  cold  acids.  Certain  varieties  of  starch  sugar,  when 
boiled  for  a  long  time  with  dilute  sulphuric  acid,  suffer  peculiar 
and  sudden  losses  of  rotary  power,  which,  always  directed  to  the 
right,  at  last  attains  a  miniu^um  deviation,  at  which  it  remains  con- 
itint. 

In  the  gum  of  the  acacia,  we  have  an  example  of  inversion  by 
sulphuric  acid:  the  rotary  power  directed  from  right  to  left,  gradu- 
ally travels  to  the  tight,  with  the  separation  of  a  precipitate.    But 
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neither  of  these  exceptione  can  be  confounded  with  the  inTereioA 
bj  cold^acids  for  cane  sugar. 

To  an, aqueous  solution  of  cane  sugar  add  hydrochloric  or  sulph- 
uric acid,  taking  care  that  it  be  generally  diffused,  and  not  allowed 
to  concentrate  its  action  upon  small  portions  of  the  whole  mass,  se 
as  to  carbonize  them.  The  deviation  to  the  right  will  diminishi 
become  gradually  reversed,  and  at  last  attain  a  maximum  to  the 
left,  at  which  it  will  be  constant.  With  hydrochloric  acid,  even 
one-tenth  or  eleventh,  by  volume,  will  effect  this  maximum  devia- 
tion in  a  few  hours.  One  or  two  days  produce  no  change,  but  a 
more  prolonged  action  causes  the  solution  to  become  yellow;  and 
afterwards  the  inverted  deviation  grows  weaker,  until  the  mixture 
ceases  to  be  transparent.  For  observations  Qf  colorless  solutions 
with  this  acid,  M.  Biot  finds,  if  we  employ  the  violet  blue  ray  of 
the  transition  from  dark  blue  to  orange  red  in  the  extraordinarj 
image,  that  the  inverted  deviation  at  its  maximum  is  0.38  of  the 
primitive  deviation;  each  being  observed  for  an  equal  thickness  and 
state  of  dilution,  or  reduced  to  such  by  calculation.  For  sulphuric 
acid,  this  ratio  is  somewhat  greater,  and  amounts  to  0.3867.  The 
progress  of  the  inversion  also  is  slower,  unless  the  temperature  be 
raised  to  140^  Fahr.,  in  which  case  it  attains  the  maximum  of  inver- 
sion almost  instantaneously,  and  without  becoming  colored. 

Fermentation  inverts  the  rotary  power  of  cane  sugar,  while  the 
•other  sugars  preserve  the  direction  of  their  rotary  power  under  its 
action.  Yet  Soubeiran  has  shown  that  inverted  cane  sugar  rotates 
to  the  left  only  while  in  the  liquid  state;  by  solidification,  it  re- 
gains its  direction  to  the  right,  and  is  not  afterwards  invertible  by 
acids.  On  the  behaviour  of  cane  sugar  with  acids,  under  all  the 
various  circumstances  of  temperature,  relative  quantity,  &c.,  M. 
Biot  has  made  an  extended  series  of  researches;  and  though  it  is 
two  years  or  more  since  he  promised  them  to  the  scientific  world, 
they  are  not  yet  published.* 

To  analyze  a  mixed  solution,  therefore,  observe  its  primitive  de- 
viation; then  dilute  it  with  a  known  volume  of  hydrochloric  acid, 
and,  allowing  sufficient  time  for  the  inverted  deviation  to  attain  its 
maximum,  observe  the  angle  again.  The  change  produced  will  en- 
able us  to  deduce  the  per  cent,  of  cane  sugar  in  the  original  mix- 
ture, as  it  is  due  to  it  only. 

11.  To  obtain  a  formula  for  this  purpose,  let  x  be  the  unknown 
per  cent,  of  cane  sugar  in  each  unit  by  weight  c^f  the  mixture — for 
instance,  in  an  ounce  or  grain — then  p  ounces  will  contain  p  x  of 
cane  sugar;  and  p  is  taken  by  a  delicate  balance;  mix  it  then,  if 
necessary,  with  e  ounces  of  distilled  water.  Then  in  this  solution 
the  proportion  by  weight  of  the  primitive  mixture  is 

P 
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And  the  qwtatUy  of  cryttaUicaUe  CMie  sagtr  if 

*    . 

px 

......    (3). 


Denote  by  a'  the  primitive  deyiation  for  a  particular  refrangible 
ray,  and  by  a"  the  inverted  deviation  for  the  same  length  of  tube 
and  state  of  dilution.  Let  — r"  be  the  ratio  of  inversion,  so  that  «" 
=  — r"  a  •  For  pure  crystallizable  sugar,  this  ratio,  which  we  will 
eall  —  r',  is  equal  to  0.38  when  hydrochloric  acid  is  used. 

Let  S  be  the  portion  of  the  primitive  deviation  produced  by  the 
cane  or  invertible  sugar,  and  D  the  remaining  portion,  produced 
by  the  sugar  which  is  not  invertible.  D  is  additive  to  S,  or  posi- 
tive, if  the  uniavertible  sugar  act  to  the  right;  and  negative,  if  to 
the  left;  but  the  calculations  show  its  sign  as  well  as  its  value.  As 
0f  is  equal  to  the  sum  of  S  and  D;  and  as  the  inverted  deviation 
•"is  equal  to  S,  changed  by  inversion  to  — *  r'  S,  plus  D  remainii^g 
eonstant,  we  have 


S+D=«',  I     .     .     .  /4^ 

D— r'S=«"=— r'' a'.     I  ■    \*)- 


Bliminatingi  we  have 


1  +  r"  r"  — r' 

=s  — —  a'  =3  a'  +  — —  a*  • 

l+r'  l+r' 

r"  —  r* 
D  = a'  . 

1  +r' 


y    -     .     .     (6). 


In  these  equations  r'  is  alwavs  in  itself  positive,  because  acids 
invert  the  primitive  deviation  of  cane  sugar.  If  the  inverted  de- 
viation of  the  mixture  also  passes  really  to  the  left,  then  will  r** 
be  likewise  essentially  positive.  But  if  it  remains  to  the  right,  and 
merely  weakened,  r''  will  be  negative.  Observing  this  rule  of  the 
Bisns,  calculation  will  always  give  S  and  D,  and  the  signs  of  their 
values  will  show  their  directions,  to  the  right,  if  positive,  and  to 
the  left,  when  negative. 

Now  the  deviation  S,  observed  through  a  tube  of  the  length  /,  is 
produced  by  the  cane  sugar  in  the  solution,  of  which  ^  is  the  den- 
sity and  ^  the  proportion  by  weight.     Hence,  by  equation  (1) 

S                S 
(«)= = (6). 

1*9'  /liX 


[50] 


32 


In  this  equation,  #  iB  the  oaly  unknown  qtitntity^  and,  therefote, 


I6i{a) 


(7). 


Let  {fi)  be  the  rotary  power  of  the  primitive  mixture,  sino^  it 
produces  the  deviation  a'  through  the  tube  /,  for  the  density  I  an^ 
proportion  t,  we  have,  by  equation  (1), 

S(/8) 

(fi)  =s  — ;  and  therefore,  z  = . 

/  i  s  \(a)  a' 

To  verify  this  formula,  we  may  apply  it  to  cane  sugar  alone;  for 
which  D  =3  0,  and  S  =:a',  and  all  the  active  matter  having  the  ratio 
of  inversion  equal  to  — 0.38,  we  get  r"  =  r'.  If,  then  standard^ 
sugar  be  identical,  both  in  purity  and  hygrometric  condition  with  that 
used  in  the  experiment,  (0)  =  (a)  and  x  =  1;  if  the  former  be 
drier  than  the  latter,  then  will  it  also  be  more  active  and  (/8)  will 
be  less  than  (a);  if  less  dry,  (^)  will  exceed  (a).  This  verification 
likewise  serves  to  test  the  delicacy  and  exactness  of  the  method. 
The  algebraic  formulae  for  S  and  Dalso  show  that  any  small  errora 
of  observalion  enter  into  their  values  affected  by  the  denominator 
1  +  r',  in  which  r*  is  necessarily  positive,  and  which  therefore  ex- 
ceeds unity. 

12.  There  are  several  methods  of  determining  angles  of  devia- 
tion; of  these,  the  best  is  probably  that  of  observing  the  violet 
blue  ray.  From  the  law  according  to  which  the  different  rays  are 
dispersed,  Biot  has  been  able  to  show  that  this  violet  blue  tint  in 
the  extraordinary  image  corresponds  with  the  deviation  of  the  sim- 

61e  yellow  rays,  and  that  it  is  also  the  point  of  minimum  intensity, 
[ence,  the  deviations  are  comparable,  as  for  a  simple  ray;  and  the 
second  peculiaritv  allows  the  deviation  to  be  observed  when  the 
image  is  too  feeble  to  discern  its  color.  Fpr  perfectly  colorleia 
solutions,  whether  transparent  or  sliehtly  opalescent,  this  method 
is  therefore  accurate,  convenient,  and  adapted  to  the  naked  eye. 
To  observe  the  violet  blue  ray,  turn  the  analyzing  prism  about  the 
transmitted  ray  as  an  axis;  as  it  revolves,  the  blue  will  become 
moie  and  more  Hark,  until  it  changes,  almost  abruptly  to  orange 
red;  these  two  colors  are  separated  only  by  a  violet  blue  or  bluish 
violet;  and  it  is  at  this  momentary  transition  color  that  the  motion 
of  the  prism  is  arrested.  The  angle  of  deviation  is  then  read  off" 
upon  the  graduated  limb.  The  suddenness  of  this  change,  and 
strong  contrast  of  colors  on  either  side,  removes  all  uncertainty 
arising  from  peculiarity  of  eyes  in  different  individuals.  From, 
•childhood  I  have  been  aware  of  a  constitutional  defect  in  my  own 
eye  with  reference  to  the  perception  of  certain  colors  in  the  spec- 
trujn;  it  seems  to  be  a  partial  insensibility  to  red  light;  and  colora 
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appear  to  me  nearly  as  described  by  Mr.  Dalton  in  the  Manchester 
Memoirs.  I  was  therefore  apprehensive,  before  experimenting  upon 
the  subject,  that  I  should  be  unable  to  determine  angles  of  rotation 
with  accuracy;  but  I  found,  by  repeated  trials,  that  independent  ob- 
servations of  the  violet  blue  ray,  made  for  transparent  colorless 
solutions  by  my  friends  Messrs.  Booth  and  Boy6,  did  not  differ 
from  each  other,  nor  from  mine,  the  quarter  of  a  degree,  a  quantity 
which  in  these  observations  may  be  disregarded,  as  it  would  not  pro- 
duce a  personal  equation  greater  than  those  which  usually  affect  che- 
mical analyses.  And  I  am  confident  that  practice  would  have  enabled 
as  to  have  reduced  even  this  difference  to  the  tenth  of  a  degree, 
within  which  the  graduation  of  the  limb  would  not  admit  of  read- 
ing; for  our  later  observations  scarcely  exceed  that  amount  in  varia- 
tion, and  they  were  made  without  knowledge  of  previous  readings 
on  the  part  of  the  observer.  The  means  of  a  number  of  observa- 
tions would  not,  perhaps,  differ  by  an  appreciable  fraction. 

The  method  of  minimum  intensity  is  rendered  more  exact  by 
observing  azimuths  of  disappearance  and  reappearance  of  the 
image;  their  mean  result  will  not  vary  appreciably  with  consider- 
able fluctuations  of  the  light,  whether  it  be  that  of  a  candle  or  the 
sky.     This  method  I  have  employed  with  satisfactory  results. 

But|  for  observations  of  colored  solutions,  no  method  is,  probably, 
so  convenient  and  accurate  as  that  of  using  an  eye  piece  of  colored 
glass;  and  particularly  of  that  kind  of  glass  which  is  stained  with 
the  protoxide  of  copper,  which  transmits  rays  so  nearly  alike  in 
refrangibility  that  the  eye  perceives  no  sensible  difference  of  shade. 
The  thicker  the  glass,  the  simpler  the  color,  and  the  nearer  it  ap- 
proaches the  extreme  red  of  the  spectrum.  But,  as  the  quantity 
of  transmitted  light  diminishes  in  proportion  tu  its  purity,  we  soon 
attain  a  limit  of  thickness,  beyond  which  the  intensity  becomes  too 
feeble.  To  determine  the  suitable  degree  of  thickness,  refract  the 
light  of  a  candle  through  a  dispersive  prism;  then  place  the  glasses 
to  be  examined  between  the  eye  and  the  face  of  emergence,  and 
select  those  which  transmit  only  a  red  image.  This  red,  though 
not  rigorously  simple,  is  yet  so  nearly  so  that  it  will  be  but  slightly 
dispersed,  if  the  angles  of  deviation  be  limited  to  arcs  less  than  a 
quadrant;  and  they  need  not  be  greater. 

To  render  the  observations  more  exact  for  the  small  arc  of  non- 
apparition  at  the  point  of  minimum  intensity,  observe  the  azimuths 
of  disappearance  and  reappearance  of  the  image,  and  take  their 
mean.  The  deviation  of  the  violet  blue  ray  is  fixed  in  nature;  but 
observations  of  the  red  ray  will  vary  with  the  glass  employed;  and 
each  obserirer  should  therefore  determine  the  coefficient  m  of  the 
parucular  glass  he  uses,  by  which  bis  researches  will  be  rendered 
comparable  with  those  of  other  persons.  For  this  purpose,  he  may 
employ  a  transparent  solution  of  cane  sugar;  the  per  cenlage,  the 
density,  and  the  length  of  the  tube,  need  not  be  known;  but  the 
angles  of  deviation  for  the  violet  blue  and.  the  red  ray  of  his  glass 
must  be  observed  repeatedly,  and  with  the  utmost  care;  the  mean 
determinations  will  give  m,  the  coeflicieLt  sou^rht.  Although  the 
red  oxide  of  copper  glass  is  the  only  kind  yet  knowu^  {ot  ^  %V\^\ 
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thickness,  to  transmit  homogeneous  light,  green  glasses,  stained 
with  oxide  of  chrome,  and  some  of  an  orange  color,  when  of  some- 
what greater  thickness,  may  be  substituted;  for  observations  of 
organic  solutions  of  an  orange  color,  an  orange  glass  is  very  well 
adapted.  I  have  to  regret  that  I  have  not  yet  been  able  to  procure 
an  oxide  of  copper  glass;  and  the  green,  blue,  yellow,  and  orange 
glasses,  of  which  I  have  tried  a  large  number,  when  examined  oy 
means  of  a  dispersive  prism,  have  proved  to  be  very  deficient  in 
their  power  to  transmit  homogeneous  light  without  great  loss  of 
intensity.  But  little  colored  glass  is  manufactured  in  this  countrji 
and  scarcely  any  into  forms  which  would  answer  for  these  experi- 
ments. 

There  is  still  another  method,  that  by  comparison  of  color| 
adopted  at  the  suggestion  of  Marchand,  and  highly  recommended 
by  Ventzke,*  through  a  tube  containing  an  aqueous  solution  of 
anilate  of  iron,  and  transmitting  orange  red  light,  observe  the  same 
luminous  body  which  is  viewed  through  the  rotating  solution;  when 
the  colors  are  of  the  same  tone,  read  off  the  corresponding  anele. 
Whatever  may  be  the  cause,  I  have  hitherto  found  it  wholly  im- 
practicable to  arrive  at  accurate  results  by  this  method;  nor  do  I 
think  it  owing  solely  to  the  defect  in  my  eye,  above  mentioned; 
for,  though  lilessrs.  Sooth  and  Boy6  did  not  often  vary  more  tlian 
one  or  two  degrees,  yet  sometimes  they  differed  five  or  more*  And 
a  scientific  friend,  who  has  no  peculiarity  of  eye  with  regard  to 
color,  and  great  experience  and  skill  as  an  observer,  varied  even 
ten  degrees  in  his  readings  for  the  same  solution.  It  is  very  di6Si- 
cult  to  render  the  light  of  equal  intensity  in  the  two  tubes;  and 
the  anilate  of  iron  seems  to  undergo  decomposition,  as  a  precipi- 
tate separates  in  the  tube.  Of  this  method,  therefore^  I  hesitate 
to  decide,  or  pronounce  any  opinion,  without  giving  it  another  and 
a  fairer  trial. 

13.  Those  who  would  pursue  researches  in  Optical  Chemistry 
must  make  themselves  thoroughly  acquainted  with  the  details  and 
principles  of  construction  of  the  apparatus  employed.  These  they 
will  find  fully  and  clearly  developed,  together  with  all  necessary 
information  respecting  manipulations,  in  the  papers  of  Biot,  to 
which  I  refer.f  For  more  general  information,  I  will  now  en- 
deavor briefly  to  describe  his  apparatus,  as  well  as  that  of  Ventzkei 
which  I  have  used;  and  to  which,  from  comparison  with  an  instru- 
ment of  M.  Biot,  of  very  superior  workmanship,  made,  I  believe, 
by  M.  Soleil,  of  Paris,  for  J.  S.  Levering  &  Co.,  of  Philadelphia, 
I  give  a  decided  preference.  The  apparatus  I  used  was  imported, 
with  a  similar  one  for  their  own  use,  by  Messrs.  Booth  and  Boy^, 
and  was  made  by  Maywald,  in  Berlin;  the  workmanship  appears  to 
be  excellent.  It  is  also  accompanied  by  two  hydrometers  for  tak- 
ing densities,  and  a  thermometer,  by  J.  G.  Greiner,  of  Berlin; 
which  are  of  remarkable  delicacy  and  beauty. 

*  See  JoIlrna^  liir  Praktische  Chemie,  vol.  xxT. 

t  See,  /Mirticiilarly,  Am.  de  Cbim.  et  de  Pbys.,  t.  M,  p.  401  j  alio,  Comptei  Reodus,  7. 
Septem.,  1840. 
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The  apparatas  of  M.  Biot  is  very  simple;  it  consists  essentially 
of  a  polished  black  glass  plate  A,  to  reflect  the  light  at  the  angle 
of  Malus  (see  Fig.  1)  of  a  tube  suitably  inclined  to  receive  the 
polarised  ray  and  contain  the  liquid  B;  and  a  prism  of  Iceland 
■par,  achromatized  by  removing  a  portion  of  the  crystal  and  sub- 
■tittttine  glass  in  its  place,  and  attached  at  the  centre  of  a  gradua- 
ted iimo  to  an  alidade  C,  in  such  a  manner  as  to  be  susceptible  of 
adjustment  in  azimuth.  The  whole  is  firmly  attached  to  proper 
■upports.  The  observer  should  place  himself  in  a  dark  room,  to 
render  his  eye  more  sensible  to  delicate  impressions,  and  shut  aut 
all  light  except  that  which  passes  through  the  tube. 

The  apparatus  of  Ventzke  is  not  much  more  complicated,  and  is 
composed  of  two  doubly  refracting  prisms  of  Iceland  spar,  (see 
Fig.  2,)  an  analyzing  prism  A,  fixed,  as  M.  Biot's,  to  a  movable 
alidade  at  the  centre  of  a  graduated  limb,  and  a  polarizing  prism 
B|  of  which,  by  motion  about  the  ray  as  an  axis,  the  principal 
■ection  may  be  nicely  adjusted  by  a  tangent  screw  C,  to  a  position 
at  ri^ht  angles  to  that  of  B,  when  the  index  points  to  zero  upon 
the  limb,  and  the  intensity  of  the  ordinary  ray  becomes  %  cos.'x=3i 
co8.'90^O,  or  perfectly  dark.  The  intense  light  of  the  sun's 
direct  ray  is  used  to  fix  this  zero  point.  Between  these  prisms  the 
tube  D  is  placed,  which  contains  the  solution;  and  its  ends  are 
closed  with  glass  discs.  The  light  employed  is  that  of  an  argand 
iamp.  The  doubly  refracting  crystals  are  Nicholas  prisms;  they 
are  made  by  grinding  the  rhombohedron  of  calcareous  spar  until 
its  terminal  planes  form  angles  of  68°  with  its  obtuse  lateral  edges. 
It  is  then  cut  diagonally  and  at  right  angles  to  the  new  planes. 
The  crystal  so  divided  is  joined  together  again  by  Canada  balsam, 
whose  index  of  refraction,  1.55,  lies  between  that  of  the  ordinary 
rayi  1.66,  and  that  of  the  extraordinary  ray,  1.48,  and  operates 
apon  the  two  rays  in  opposite  directions,  separating  them  so  wide- 
ly that  the  extraordinary  image  may  be  made  to  disappear.  The 
polarization  by  this  prism  is  much  more  complete  than  by  reflex- 
ion, and  the  li^ht  is  much  more  intense;  the  limited  field  of  vision 
is  the  only  objection.  Ventzke's  apparatus  is  far  more  compact 
and  transportable  than  Biot's,  and  is  therefore  much  more  conven- 
ient for  general  use.  To  adapt  it  to  the  wants  of  practical  men, 
refiners,  planterS|  and  others,  and  avoid  all  calculations,  Ventzke 
has  computed  tables,  and  attached  to  the  graduated  limb  a  pinion 
which  turas  a  wheel  fastened  to  the  analyzing  prism  and  the  ali- 
dade. Upon  a  disc  A.  (Fig.  3,)  firmly  united  with  the  pinion,  the 
per  centage  is  read  off  directly  for  solutions  of  the  normal  density 
of  1.1056  at  63j^^  Fahrenheit,  and  with  tubes  of  the  normal  length 
of  234  millimetres.  By  means  of  his  tables,  densities  observed  at 
other  degrees  of  the  thermometer  may  be  reduced  to  the  normal 
temperature. 

As  Ventzke  has  not  given  the  calculations  and  experiments  upon 
which  he  bases  his  tables,  I  prefer  to  employ  the  method  and  for- 
muls  of  M.  Biot,  even  though  they  involve  some  calculation. 

In  the  thirteenth  volume  of  the  Merooires  de  1' Acad^m'ie^M..  l^v^V 
gives  a  table  for  Bolatiom  of  cane  sugar,  which  I  annex,  (aee  \.^\Ae 
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3;)  but  I  prefer  to  use  his  foriDuIei  as  that  table  was  constructed 
with  data  taken  from  his  earlier  and  less  exact  determinations. 

Analysis  of  several  specimens  of  molasses  by  the  circular  polarizm^ 

tion  of  light. 

14.  To  take  the  specific  gravities  of  these  substances,  I  found  none 
of  the  usual  methods  for  liquids  well  adapted;  in  several  of  them 
there  were  considerable  deposites  of  sugar  or  other  solid  matter; 
to  arrive  at  mean  results,  these  deposites  had  to  be  stirred  up  from 
the  bottom,  and  mixed  intimately  with  t-ke  fluid  portion,  so  as  to 
form  a  homogeneous  mass.  In  doing  this,  a  large  number  of  small 
bubbles  of  air  become  entangled  in  the  viscid  mixture,  which  will 
not  all  escape  until  it  has  stood  quietly  for  twenty-four  hours.  Th« 
use  of  Xhep^se  sirop  of  Baum6  is,  therefore,  impossible,  for  it  would 
either  be  effected  by  the  bubbles  of  air,  or  give  no  indications  for 
the  solid  matter.  A  specific  gravity  bottle  was  found  objectiona* 
ble  on  account  of  the  impracticability  of  removing  air  bubbles  from 
the  neck.  I  found  a  surgeon's  cupping  glass,  ground  so  as  to  fit 
tightly  upon  a  small  disc  of  plate  glass,  to  answer  every  purpose.  It 
could  be  filled  perfectly  with  water  or  molasses,  and  even  washed  and 
wiped  with  a  towel  until  dry,  if  carefully  done,  without  loss  or  ac- 
cident; and  the  glass  disc  would,  of  itself,  adhere  so  closely  as  to 
render  it  liable  to  no  risk  of  slipping  while  upon  the  balance. 

The  cup  and  disc  were  found  to  weigh  1107.8  grains;  filled  with 
water,  it  weighed  2328.7  grains. 

Therefore,  1220.9  grains  is  the  weight  of  the  water  alone;  log. 
1220.9=3.0866801,  which  is  the  constant  logarithm  to  be  sub- 
stracted  from  that  of  the  weight  of  an  equal  volume  of  each  speci- 
men. The  accompanying  table  contains  the  data  and  correspond- 
ing results: 


Molas- 
ses. 

Weight  in 
grains,  y. 

Log.  y. 

Diflerenoe  of 
logs. 

Specific 
gravity. 

No. 
1 
2 
3 
4 
6 

1713.2 

1703.6 

1674.8 

l(j6l. 

1710.8 

^.2338081 
3.2313676 
3  2239630 
3.2205003 
3.2331992 

0.1471280 
0.1146875 
0. 1372829 
0. 1348202 
0.1465191 

1.4032 

1.3963 

1.37176 

1.36089 

1.40126 

15.  The  following  are  determinations  by  Ventzke's  tables  for  tb« 
quantity  of  watery  obtained  by  observing  the  densities  of  solutions 
composed  of  three  parts  by  weight  of  molasses,  and  seven  of  water: 
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BfoUs- 

Speoifio  gra- 

Temperat. 

Per  cent. 

Per  oent.  of 

MS. 

vity  of  aq. 
solation. 

centigrade. 

of  water. 

solid  matter. 

No. 

0 

1 

1.1014 

15 

20.32 

79.68 

2 

1.0986 

17.3 

22.04 

77.96 

3 

1.094 

20 

24.9 

75.1 

4 

1.088 

16 

30.5 

69.5 

5 

1.100 

12 

21.7 

78.3 

The  specific  gravities  were  taken  by  a  hydrometer  made  by  J.  J. 
Oreiner.  The  fifth  column  is  obtained  from  the  fourth,  to  which 
it  18  complementary. 

The  analyses  by  Ventzke's  tables,  if  we  use  the  observed  angles 
of  deviation  for  the  anilate  of  iron,  would  therefore  be: 


Molasses. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

CaQesoffar 
Water 

57.37 
22.31 
20.82 

51.14 
26.82 
22.04 

50.67 
24.43 
24.90 

46.17 
24.33 
30.60 

59.9 
18.4 
21.7 

The  angles  are  those  of  the  following  data. 

16.  Equal  parts  by  weight  of  molasses  and  water  were  filtered 
through  bone  black,  contained  in  displacement  tubes  of  lengths 
varying  from  one  to  three  feet,  until  perfectly  decolorized;  by  add- 
ing water,  the  colorless  solutions  were  brought  to  the  normal  den- 
sity 1.1056  at  63j^^  Fahrenheit;  they  were  then  observed  through 
tubes  of  the  normal  length  of  234  millimetres,  with  the  results  of 
the  Uble: 


Observer. 

Booth. 

Boy^. 

McCulioh. 

Means. 

Booth. 

Boy€. 

MeCnlleh. 

Means. 

Molaesee. 

Violet 

Violet 

Violet 

Anilate 

Anilate 

Anilate 

No. 

ray. 

ray. 

ray. 

of  iron. 

of  iron. 

of  iron. 

1 

24!5 

24?26 

24?6 

24!41 

74.? 

68.? 

74? 

72? 

2 

•  ■ .  • 

25.83 

25.75 

25.79 

•  •  •  • 

66. 

66? 

65.5 

3 

23. 

23. 

23. 

23. 

69 

68.5 

697 

68.8 

4 

24.25 

21.76 

25.5 

25.5 

66 

64. 

? 

66. 

§ 

28.20 

• 

28.25 

28.15 

28.15 

76 

77. 

? 

76.5 

17.  To  compare  the  results  of  these  different  methods,  I  formed  a 
aolutlon  containing  25  per  cent,  by  weight  of  pure  crystallized  ^%uft 
agar,  and  found  it  of  the  normsil  density.  This  solulvon  (^eu\aE>Lf?% 
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normal  solution)  should  read  for  the  anilate  of  iron  66^  or  on  the 
pinion  disc  100  per  cent.;  which  I  found  to  be  the  case  for  the  eyes 
of  Messrs.  Booth  aod  Boy^,  as  well  as  for  my  own.  The  violet 
ray  was  observed  by  Mr.  Boy6  and  myself^  with  the  same  result^ 
42^  or  76  per  cent,  on  the  disc.  The  coefficient  by  which  we  must 
multiply  the  means  of  the  violet  ray,  to  reduce  them  to  those  of 
the  anilate  of  iron  ray,  is  therefore  VV*  "^^^  following  table  gives 
the  comparison: 


No. 

Violet. 

Violet  rednoed. 

Per  ceot. 

by  anilate  of  iron  ray.     1 

100 

a 

75 

Calcalated 

Obaerved. 

Difiereiioo. 

0 

0 

1 

24.41 

32.55 

58. 

72. 

14. 

2 

25.79 

34.38 

61.75 

65.5 

3.75 

3 

23. 

80.66 

56. 

68.8 

18.8 

4 

25.5 

34. 

61. 

65. 

4. 

6 

28.15 

37.53 

67. 

76.5 

9.5 

The  differences  in  the  last  column  of  this  table  are  so  large  that 
they  establish  the  fact  that  no  accuracy  can  be  attributed  to  the 
observations  made  with  the  solution  of  anilate  of  iron  employed  in 
these  experiments.  The  following  analyses,  obtained  from  the  co/- 
culated  per  cents  of  the  preceding  table,  are  itiore  entitled  to  cre- 
dit, as  they  depend  upon  the  accordant  observations  of  the  violet 
ray: 


MolaBses. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

Cane  sagar      - 
Liquid  sagar    - 
Water    .    -    - 

Total    - 

46.21 
33.47 
20.32 

48.21 
29.75 
22.04 

40.50 
34.60 
24.90 

42.39 
27.11 
30.50 

52.46 
25.84 
21.70 

100.00 

100.00 

100.00 

100.00 

100.00 

18.  These  results  seem  to  agree  with  certain  analyses  of  Biot 
and  Soubeiran.  In  good  sugar-house  molasses,  Biot  has  found  40 
per  cent,  of  crystallizable  cane  sugar;  while  Soubeiran,  from  man^ 
specimens,  gives  as  the  amount  of  cane  sugar  in  molasses  60  pet 
cent.,  after  deducting  the  water.  If  we  compute  the  water  at  20 
per  cent.,  then  we  will  have  40  per  cent,  as  the  proportion;  and  this 
IS  the  result  of  M.  Biot.  Ventzke  has  found  as  much  as  60  per 
cent,  by  the  use  of  the  comparison  tube  of  anilate  of  iron. 

It  is  extremely  difficult  to  render  aqueous  solutions  of  molassei 
perfectly  colorless  by  the  use  of  bone  black;  there  is  a  yellow 
tint,  which  in  some  cases,  it  seems  almost  impossible  to  remove, 
and  which,  when  viewed  through  a  tube  234  millimetres  in  lengthy 
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ia  safficiently  deep  to  affect  very  materially  any  results  by  compa- 
rison of  color.  The  bone  black  I  employed  was  of  very  superior 
quality.  Yet  several  of  my  solutions,  th6ugh  filtered  five  or  six 
times  through  thicknesses  of  two  or  three  feet  of  fresh  bone  black, 
obstinately  refused  to  part  with  the    yellow  tint  above  mentioned. 

The  specimens  of  molassesi  which  I  have  called  Nos.  1,  2,  3,  4, 
and  5,  were  taken  by  the  officers  of  the  customs  for  the  port  of 
Philadelphia  from  cargoes  imported  into  that  city  from  the  West 
Indiesi  in  June  or  July,  1843,  in  compliance  with  the  circular  of 
the  Secretary  of  the  Treasury  of  12th  May,  1843.  They  bad  re- 
mained since  that  time  in  loosely  stopped  bottles,  which  stood  in 
a  dry  place.  That  water  had  evaporated  from  them  to  a  consider- 
able extent,  is  shown  by  the  fact  that  their  specific  gravities  ex- 
ceed those  determined  in  July,  1843,  by  Messrs.  Booth  and  Boy6 
for  specimens  just  imported.  This  also  renders  my  results,  as 
liven  in  the  last  table,  nearly  accordant  with  those  of  Biot  and 
Soubeiran.  What  had  been  the  effects  of  atmospheric  fluctuations 
of  temperature  in  causing  fermentation  during  the  year  which  has 
elapsed  since  the  molasses  was  imported  it  is  impossible  to  conjec- 
ture. When  No.  2  was  removed  to  a  room  heated  by  a  stove,  and 
illowed  to  stand  on  a  shelf  for  several  days,  fermentation  com- 
menced, and  the  carbonic  acid  forced  the  cork  from  the  bottle. 
On  removing  it  to  a  colder  room,  this  fermentation  ceased.  In  it 
there  was  alvo  a  deposite  of  solid  sugar,  which  constituted  one- 
sixth  by  volume  of  the  whole.  In  taste,  it  was  slightly  acid.  Of 
No.  1,  the  taste  was  a  pure  swe«t,  very  mild  and  rich;  it  contain- 
ed no  deposite;  it  is  the  same  as  No.  13  of  the  analyses  of  Messrs. 
Booth  and  Boy6.  No.  3  contained  no  deposite,  and  was  very  acid 
to  the  taste.  No.  4  likewise  contained  no  deposite,  and  was  very 
icid  in  taste.  In  No.  5  there  was  a  deposite  of  one-fifceenth  of 
the  whole  volume;  its  taste,  at  first  purely  sweet,  acquired  an 
icid  flavor  in  the  mouth. 

19.  I  shall  now  apply  to  the  qualitative  analysis  ef  these  speci- 
mens of  molasses  the  formulae  and  process  of  inversion  by  acids  of 
M.  Biot.  To  this  end,  1  employ  the  solutions  of  article  16,  and 
hydrochloric  acid  of  the  specific  gravity  of  1.  18,  in  volumes  which 
I  calculate  from  their  weights  and  densities,  by  means  of  the  well 
known  formula  io=d  t;.  Biot  measures  these  volumes  directly,  by 
means  of  the  tubes  of  M.  Gay  Lussac.  The  use  of  tbe  balance  is 
more  exact.     I  mixed  them  in  quantities  which  weighed,  in  grains: 


No.  2. 

No.  3. 

No.  4. 

No.  6. 

Density. 

Solotion     - 
Acid 

219 
41.5 

281.9 
59.2 

218 
36.1 

299.3 
49.8 

1.1056 
1.18 

The  logarithmic  calculations  are  as  follows  :  Let  W  =&  D  V  be 
the  equation  of  volume  for  the  saccharine  solution,  and  w  ^=s  d  v 
the  corresponding  equation  for  the  acid;  in  which  W  and  w  are  the 
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weights  of  the  table,  D  and  d  the  densities,  and  V,  «  the  unkno 
Tolumes  to  be  calculated. 


Then,  for  No.  2,  we  have 

log.  W  2.3404441  log.  w 

log.  D  0.0435980  log.  d    . 

log.  y  2  2968461  log.  v  = 

.  • .    V  =       198.0825;         .*.©=» 
V  +  »  =  233.2520. 


For  No.  3,  we  obtain 


log.  W 
log.  D 

log.  V 
.-.   V  = 

And  for  No.  4, 

log.W 
log.  D 

log.  V 
.-.   V 


2.4500951  log.  w 
0.0435980  log.  d 

2.4064971  log.  v 
254.9741;       .-.»== 
V  +  t>  =  305.1436. 


2.3384564  log.  to 
0.0435980  log.  d 

2.2948584  log.  v 
197.17804;      . ' .  »  = 
V  +  »  =  227.77124. 


Lastly,  for  No.  5,  we  have 

log.  W  2.4761067  log.  w 

log.  D  0.0435980  log.  d 


log.  V 

.-.  V  = 


2.4325087  log.  v 
270.71275;  .'.    v- 
\  +  v  =  312.94575. 


1.6180481 
0.0718820 

1.5461660 
35.1695; 


1.7723217 
0.0718820 

1.7004397 
50.1695; 


1.6575072 
0.0718820 

1.4856252 
30  5932. 


1.6972293 
0.0718820 

1.6253473 
42.2J3; 


From  these  Tolumes  we  compute  the  ratio  of  diiuHon,  whieb 

V 

equal  to ,  and  is  the  coeflScient  by  which  we  must   multii 

V  +  t> 

the  observed  angles  of  the  violet  ray  of  art.  16,  to  reduce  them 
the  proper  state  of  dilution.  I  give  the  calculations  by  means 
logarithms. 

For  No.  2, 

log.  V      2.2968461  log.  (violet)   1.4114792 
(log.  V  +  »)  2.3678254  T9290207 


1.9290207  log.  a'  1.3405000 

log.  0.8492.   .-.0'=    aV».Wi«. 
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For  No.  3, 

log.  V  2.4064971  log.  (violet) 

log.  (,V+t>)  2.4845042 


=:log. 

For.  No.  4, 
log.V 


1.9219929  log.  a' 
0.8355871.  .  • .  o' 


1.3617278 
T9219929 

1.2837207 
19«'.2185. 


2.2948584  log.  (violet)   1.3891661 


log.  (V  +  v)  2.3574984 

T9373600  log.  o' 
=slog.     0.86569.   .-.0'== 

For  No.  5, 

log.  V     2.4325087  log.  (violet) 

log.  (V  +  v)  2.4954856 

T9370232  log.  o 
=  log.     0.865014.  .-.0'  = 


1.9373600 

1.3265261 
21"'.2093. 


1.4494784 
T9370232 

1.3865016 
24».35. 


20.  Having  obtained  the  values  of  a',  the  angle  of  deviation  re- 
duced to  the  same  state  of  dilution  as  the  acidulated  mixture,  and 
as  it  would  have  been  observed  by  adding  water  alone,  we  next 
proceed  to  determine  a"  the  4ingle  of  deviation  of  the  violet  ray 
for  the  acid  solutions.  This  is  done  by  direct  observation.  On 
acconnt  of  the  color  developed  by  the  action  of  the  acid  upon  the 
saccharine  solution,  I  was  compelled  to  use  the  method  of  minimum 
intensity  and  mean  observations  of  angles  of  disappearance  and  re- 
appearance of  the  image,  except  for  No.  2,  to  which  the  acid  had 
given  only  a  slight  yellowish  tinge,  which  did  not  enfeeble  the  light 
svfficiently  to  obscure  the  violet  ray. 

The  readings  for  No.  2  were  12**  to  the  left,  and  then  again  12^25, 
of  which  12*>,  125=a"  is  the  mean. 
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r^o.  ftDd 

No 

»  3i    OriDge. 

No.  4.    Oranfe. 

No.  fi.    Ona^. 

O 

f^ 

3     ' 

4i 

+ 

■_■ 
O 

1 

S 

s 

8 

+ 

1 

+ 

1 

a     ' 

8 

f 

i— ■ 
o 

CO 

1 

Q 

1 

n. 

n. 

m. 

R. 

fli« 

A' 

e 

0 

D 

0 

O 

& 

0 

D 

o 

-4. 

—16. 

20. 

^3.6 

—17, 

20.5 

-5.5 

—12.6 

18. 

7. 

13.t5 

20.75 

8. 

ja. 

26. 

6.5 

12,5  ' 

Id. 

2.5 

J5,5 

18. 

7, 

15.5 

22.6 

8.25 

12^25 

18.5 

4.25 

14.5 

18.76 

6.6 

16.5 

23. 

8.5 

15,5 

24, 

6.6 

15.5 

21. 

6.5 

15.5 

22. 

7.5 

16, 

21.5 

."= 

Ml 

9U,  -^''.SS. 

Meu,  — U<».3. 

Mean, —10^.3 

21.  To  obtain  r"  the  ratio  of  inversion^  we  divide  a"  by  «'  for  the 
four  mixtsres;  this  calculation  is  as  follows  : 

For  No.  S,  For  No.  3, 

log.  c"      1.0836817  log.  a"        0.9934362 
log.  a'  1.3406000  log.  a'         1.2837207 

log.  r"  T 7431817  log.  r'   T. 7097166 

.-.  r"=     0.6536.   .-.  r"  =  0.5126. 

For  No.  4,  For  No.  6, 

log.  o"      1.0530784  loj.  a"        1.0128372 
log.  a'       1.3265261  log.  a'         1.3865016 


log.  r"  1.7265523  log.  r"        1.6263356 

.-.  r"=  §.5128.   .-.  r"=  0.423. 

« 

22.  Now,  by  equation  (5)  of  art.  11,  it  appears  that 

1+r" 

S  = a';  and  D  =  a'  —  S. 

1+r' 

That  in  these  formulas  each  quantity  might  be  obtained  from  my 
own  observations,  independently  of  those  of  others,  I  determined^ 
Ajr  experiment  upon  a  solution  of  pure  cane  sugar  directly  and  by 
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iDTersion,  for  r',  the  value  0.376,  a  result  which  differs  from  that 
of  M.  Biot,  0.^,  only  by  0.004,  but  by  which  quantity  nearly  my 
experiments  were  probably  in  error;  for,  as  they  were  instituted 
only  to  confirm  or  disprove  the  coefficient  of  M.  Biot,  they  were 
performed  hastily,  and  without  that  extreme  care  which  should 
always  be  bestowed  on  the  determination  of  the  constants  of  physi- 
gal  phenomena.  Sufficient  time,  also,  was  not  allowed  to  permit 
the  inverted  deviation  to  obtain  its  maximum.  I  shall  therefore 
adopt  the  value  0.38  as  the  most  probable  coefficient. 

The  caleolations  for  S  and  D,  are  : 


For  No.  2, 


For  No.  3, 


1  +r" 


log 

lo^.  o' 
anth.  CO. 


log.  1  +  r' 


.-.  S  = 

•«  —  S  =  D  =s  — 

For  No.  4, 

log.  1  +  r" 

log.  a' 

log.  1  +  r'  arith.  co. 


S  =s 
D  =  — 


0.1913392  log.  1  +r" 
1.3405000  log.  a' 
9.8601209  log.  1  +  r'  arith. 

1.3919601 
24.'^81;   .-.  S  = 
2°. 7663.    D  =  — 


CO. 


0.1796954 
1.2837207 
9.8601209 

1.3235370 
21*. 064; 
1».8466. 


For  No.  5, 

0.1797815  log.  1  +  r"  0.1532049 

1.3265261  log.  a'  1.3865016 

9.8601209  log.  1  +r'  9.8601209 


1.3664285 

23. "2502;  .'.  S  = 

2°.  0409.      D  =  — 


1.3998274 
26'*.  109  J 
0.769. 


Heoce  the  angles  of  deviation  a'  are  caused  by  a  quantity  of  cane 

ssgar,  which,  for  the  state  ef  dilation and  the  normal  length 

334  millim.,  produces  a  rotation  equal  to  S,  together  with  other 
active  substances  having  a  combined  rotation  of  D  to  the  lefty  but 
which  may  and  probably  does  consist  of  a  mixture  of  different  un- 
invertible  sugars,  polarizing  in  opposite  directions. 


General  practical  remarks. 

23.  Although  both  Biot  and  Soubeiran  have  given  40  per  cent, 
as  the  proportion  of  cane  sugar  in  sugar-house  molasses,  while 
Yentzke  estimated  it  at  '60  per  cent.,  it  should  be  borne  in  mind 
that  West  India  molasses  is  a  very  different  article  from  the  mo- 
lasses of  sugar  refiners.  The  first  results  from  an  imperfect  extrac- 
tion of  brown  sugar,  performed  upon  the  plantations  usually  in 
neat  haste.  It  is  the  mother  liquor  of  the  first  crystallization. 
The  second  has  undergone  two  successive  evaporations  and  crys- 
tallizations: the  first  to  obtain  the  loaf  and  lump  sugary  and  the 
sccoad,  for  the  bastard.  It  siiould  therefore  conlaiu  \e«&  <»l  cv&« 
ngv. 
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If  we  compare  West  India  molasses  with  the  drippiDf^s  from  the 
loaves  of  refined  sugar,  the  analyses  will  appear  in  deficiency,  in- 
stead of  being  in  excess;  for  M.  Biot  found  a  specimen  of  such  drip- 
pings to  contain  70  per  cent,  of  cane  sugar.  It  may  also  be  af- 
firmed, for  reasons  which  I  will  presently  state,  that,  unless  tbe 
solubility  of  cane  sugar  is  greatly  impaired  by  the  presence  of 
foreign  substances,  good  molasses  must  contain  at  least  60  per  cent. 
when  first  manufactured.  Though  Ventzke  gives  60  per  cent,  for 
the  proportion  of  cane  sugar  in  sugar-house  molasses,  I  am  strongly 
persuaded  that  any  analyses  made  by  his  method,  whether  the 
angles  of  deviation  be  exactly  determined  or  not,  possess  no  title 
to  credit;  for  I  concur  with  Hochstetter*  in  believing  that  Ventzke's 
experiment,  from  which  he  inferred  that  liquid  cane  sugar  or  mo- 
lasses sugar,  possesses  no  rotary  power,  serves  only  to  show  that 
prolonged  boiling  may  produce  a  neutral  mixture  of  materials  ro- 
tating equally  in  opposite  directions.  And  even  should  fresh  sugar- 
house  molasses  be  converted,  by  boiling,  into  molecularly  inactive 
liquid  sugar,  the  negative  values  I  have  obtained  for  D,  show  that 
West  India  molasses  contains  left  polarizing  liquid  sugar,  which 
must  affect  determinations  by  Ventzke's  method  by  neutralizing  the 
action  of  a  portion  of  the  cane  sugar,  and  rendering  the  per  cent, 
obtained  deficient  to  an  amount  corresponding  to  a  deviation  equal 
to  D  to  the  right.  Nor  do  I  know  any  method  of  determining  the 
relative  quantities  of  cane  sugar,  and  left  polarizing  sugar,  except 
that  of  inversion  by  acids.  That  left  polarizing  sugar  exists  in 
West  India  molasses,  follows  from  the  fact  that  fermentation  takes 
place;  which,  as  already  stated,  occurred  in  No.  2,  when  removed 
to  a  warmer  room,  and  forced  the  cork  out  of  the  bottle  by  the 
carbonic  acid  evolved. 

24.  The  report  of  Messrs.  Booth  and  Boy6  to  the  collector  of 
the  port  of  Philadelphia  (hereto  annexed,  and  marked  A)  sets  forth 
a  remarkable  and  important  fact,  which,  if  the  value  of  molasses 
depends  upon  the  quantity  of  cane  sugar  it  contains,  renders  the 
mode  of  levying  duty  by  weight,  as  established  by  the  present 
tariff,  entirely  in  error.  The  fact  to  which  I  allude  is,  that  molas- 
■es  contains  more  crystallizable  cane  sugar,  and   less  of  mucila- 

f;inous  or  liquid  sugar,  in  proportion  as  a  given  bulk  of  it  weighs 
ess;  and  this  fact  is  confirmed  by  my  own  analyses. 

25.  However  different  the  quantities  of  'crystallizable  or  cane 
sugar  given  by  Messrs.  Booth  and  Bby6  and  by  myself  may  at  first 
appear,  they  are  still  in  strict  accordance;  for  while  the  numbers 
of  my  table  express  the  absolute  or  entire  quantity  of  cane  sugar 
in  lOb  parts  by  weight  of  molasses,  the  fourth  horizontal  column  of 
the  table  of  Messrs.  Booth  and  Boy6  gives  only  that  proportion  of 
the  whole  amount  of  cane  sugar  which  crystallizes  out  of  a  satu- 
rated mother  liquor,  still  retaining  probably  66  per  cent,  of  its  own 
weight  pf  cane  sugar  in  solution.  The  Matanzas  syrup  (No.  15) 
was  used  as  a  standard  of  comparison,  and  the  43.65  per  cent,  of 
cane  sugar  of  the  fourth  horizontal  column  is  the  relative  quantity 

*8«e  Joornal  far  Praktiscke  Chemie,  vol.  27;  also,  Franklin  Inttitnte  Jottraal,  184S. 
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which  will  crystallize  out  of  it  as  a  mother  liquor.  From  which 
result  Messrs.  Booth  and  Boy6  calculate  the  otber  numbers  oF  that 
column,  by  proportion,  from  the  absolute  quantities  obtained,  which 
are  not  given  in  the  table  of  their  report.  Now,  a  saturated  solu- 
tion at  212^  Fahrenheit  will  contain  about  80  per  cent,  of  cane 
sugar;  and  of  this  80  per  cent.  50  will  crystallize.  A  very  simple 
proportion  gives,  therefore,  64  per  cent,  as  the  absolute  amount 
corresponding  to  a  yield  of  40,  by  direct  crystallization. 

S6.  A  series  of  exact  chemical  researches,  having  for  their  object 
the  determination  of  the  substances,  whether  vegetable  or  mineral, 
composing  the  cane,  and  with  a  view  to  furnish  methods  of  pre- 
venting their  injurious  effects,  could  not  fail  to  be  of  great  value. 
On  this  subject  much  remains  to  be  done;  and  to  the  planters  of 
the  United  States,  who  have  to  contend  with  all  the  disadvantages 
of  a  more  northern  climate,  against  the  competition  of  their  more 
favored  island  neighbors,  would  such  knowledge  be  particularly 
Taluable.  In  illustration,  I  am  told  that  there  is  often  contained 
in  Louisiana  cane  juice  a  large  quantity  of  a  substance  like  jelly. 
It  prevents  the  proper  defecation  by  lime,  and  will  even  clog  the 
channel  which  conducts  the  juice  from  the  mill,  if  lumps  of  chalk 
or  lime  be  placed  therein;  it  also  precludes  the  use  of  bone  black* 
Kow,  it  does  not  appear  to  be  either  albumen  orpectine;  yet  it  iir- 
terferes  greatly  with  the  manufacture  of  sugar,  and  therefore  to  un- 
derstand its  nature  is  of  great  importance. 

By  the  researches  of  M.  Hervy  it  appears  to  be  established  that 
cane  sugar  is  a  primary  secretion  of  the  plant,  and  that  it  does  not 
mature,  like  the  sugar  of  fruit,  from  pulpy  matter,  but  is  contained' 
alike  in  the  old  and  new  knots — in  both  of  which  the  same  simple 
structure  appears — microscopic  observation  showing  no  difference 
for  the  different  stages  of  vegetation,  the  same  tubes,  bundles  of 
ibres,  &c.,  appearing  in  all.  In  fruits,  however,  M.  Fr6my  has^ 
shown  that  the  cellules  change  from  day  to  day.  As  they  approach 
maturity,  their  thick  walls,  which  at  first  are  almost  opaque,  grow 
transparent,  swell  up  and  burst,  discharging  their  acid  contents. 
The  action  of  this  acid  upon  the  ligneous  matter  may  convert  it 
into  sugar,  as  starch  and  woody  fibre  are  changed  into  a  species  of 
sugar  by  dilute  sulphuric  acid.  Hence  the  reason  that  grape  sugar 
nay  be  produced  artificially,  while  cane  sugar  appears  beyond  our 
power  of  manufacture.  Now,  it  follows  from  this  fact,  and  the  di- 
rect experiments  of  M.  Hervy,  that  crystallizable  cane  sugar  is  the 
only  saccharine  matter  in  the  cane,*  and  that  all  the  molasses  sugar, 
grape  sugar,  &c.,  contained  in  molasses,  are  results  of  decomposi- 
tion of  cane  sugar  by  imperfect  management.  Certainly,  then,  too 
much  importance  cannot  be  attached  by  the  planter  to  a  knowledge 
of  the  causes,  and  their  remedies,  which  produce  this  decomposi- 
tion. When  beets  grow  in  land  too  highly  manured,  or  containing 
soluble  salts,  their  juice  is  very  difficult  to  crystallize,  and  yields 

*  8es  Joarnal  de  Pharmaoioi  t.  ;uTii.;  JanT.|  1841. 
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z,  large  quantity  of  molasses.  So  canes,  grown  upon  soils  where 
timber  has  been  recently  burned,  take  up  the  soluble  salts  by  their 
roots,  which  must  act  very  injuriously.  Common  salt  will  form  a 
compound  with  six  times  its  weight  of  sugar,  which  refuses  to  crys- 
tallize, and  remains  in  the  mother  liquor;  so  likewise  alkaline  car* 
bonates,  and  other  salts,  operate  to  increase  the  quantity  of  mo- 
lasses, and  injure  the  quality  of  the  sugar. 

27.  The  assertion  I  have  made,  that  a  solution  containing  80  per 
cent,  at  212°  Fahrenheit  will  permit  50  only  to  crystallize,  is  based 
upon  the  following  facts  and  experiments.  In  nearly  all  the  ele- 
mentary works  on  chemistry,  it  is  erroneously  stated  that  sugar 
"  dissolves  in  hot  water  to  any  extent."  The  error  seems  to  be 
copied  from  book  to  book,  without  even  a  change  of  language.  At 
my  request  Mr.  Hewston,  an  assistant  in  the  laboratory  of  Messrs. 
Booth  and  Boy6,  performed  the  following  experiment:  120  grains 
of  pure  cane  sugar  were  treated  at  212°  Fahrenheit,  with  20  grains 
of  water,  for  one  hour,  and  left  36.4  grains  undissolved.  It  is  truei 
therefore,  as  M.  Dubrunfaut  has  stated,  that  water  at  212°  will  not 
take  up  more  than  five  times  its  own  weight  of  crystallizable  sugari 
of  which  it  parts  with  three  by  crystallization  on  cooling.  This 
fact  is  confirmed  by  M.  Hervy,  and  also  by  Biot's  determination  of 
the  cane  sugar  in  the  drippings  from  the  moulds  for  loaves,  70  per 
cent.,  as  well  as  by  my  own  experiments.  Hence  a  saturated  solu- 
tion at  212°  contains,  say  16.6  of  water,  and  83.4  of  pure  sugar;  on 
cooling  it  parts  with  50  per  cent.  The  mother  liquor  contains  16.6 
of  water,  and  33.3  of  sugar,  or  100  parts  consists  of  66|  per  cent, 
of  cane  sugar,  and  33^  of  water. 

28.  It  is  not  true,  as  is  generally  supposed,  that  the  quantity  of 
refined  sugar  obtained  by  the  vacuum  pan  is  much  larger  than  that 
of  an  open  boiler.  It  is  true  that  a  sugar  of  far  superior  quality 
and  great  beauty  is  produced  by  the  vacuum  pan,  but  in  quantity 
it  does  not  differ  much  from  the  yield  of  the  old  method.  From  facts 
furnished  to  me  by  some  of  the  most  experienced  and  intelligent 
of  the  refiners  of  our  country,  I  find  that  26,000,000  of  pounds  of 
raw  sugar,  refined  by  the  vacuum  process,  and  without  claying, 
gave  the  mean  product  of  65.38  per  cent,  of  loaf  sugar;  1,000,000, 
refined  by  the  old  method,  yielded  63,57  per  cent.,  of  which  about 
40  only  were  loaf  sugar,  and  13.57  lump,  or  of  inferior  quality. 
By  the  use  of  the  vacuum  pan,  a  very  rarified  atmosphere  of  steam 
is  substituted  in  place  of  the  air,  which  doubtless  prevents  to  a 
very  great  extent,  if  not  entirely,  the  formation  of  formic  acid, 
which  exerts  a  most  pernicious  influence  upon  the  color  and  crys- 
tallization of  sugar,  and  which  Hochstetter  has  shown  to  be  the 
product  of  th^  action  of  the  oxygen  of  the  atmosphere  upon  the 
heated  sirup.  Formic  acid  is  also  doubtless  produced  in  large 
quantity  during  the  operation  of  claying;  for  the  drops  which  tric- 
kle through  expose  a  very  large  surface  to  the  action  of  the  air. 
By  allowing  them  to   fall   into  a  vacuum,  or  into  stean^,  a  better 

dastard  sugar  might   probably  be   manufactured.    In  »team,  the 
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oxygen  is  united  with  the  hydrogen  by  a  very  powerful  chemical 
mffinity,  while  the  atmospheric  air  seems  to  be  a  mere  mechanical 
mixture  of  oxygen  and  nitrogen,  so  feeble  is  the  chemical  force,  if 
there  be  any,  between  them.  Hence,  many  aubstances  are  far  more 
readily  oxidized  at  the  expense  of  atmospheric  air  than  of  steam, 
and  especially  those  of  organic  origin;/  and  the  one  supports  com- 
bustion,  while  the  other  extinguishes  it. 

29.  It  has  been  thought  that  extensive  frauds  are  practised  upon 
the  revenue,  by  introducing  sirup  of  cane,  battery  sirup,  or  satu- 
rated solutions  of  sugar,  colored  by  the  addition  of  a  little  caramel, 
and  flavored  with  a  portion  of  genuine  molasses;  that  this  fradu- 
lent  artiAe  is  purchased  by  the  sugar  refiners,  who  subsequently 
export  the  sugar  they  obtain  from  it  with  allowance  of  drawback; 
that  thus  the  government  is  robbed  annually  of  thousands  of  dol- 
lars; and  the  sugar  trade  of  our  southern  States  deprived  of  that 
protection  which  the  tariff  is  calculated  to  afford.  To  what  extent 
frauds  of  such  a  nature  may  have  been  perpetrated,  I  am  unable  to 
say;  and  upon  this  point  I  have  little  information  besides  that  con- 
tained in  the  reports  made  by  the  collectors  of  the  principal  ports, 
in  reply  to  the  circular  of  the  Secretary  of  the  Treasury  of  May  12, 
1843.  I  therefore  beg  leave  to  refer  to  those  reports,  and  to  other 
papers  now  on  file  in  the  Treasury  Department,  but  which  are  all 
embodied  in  a  communication,  made  to  the.  Senate  at  the  close  of 
the  last  session.  (See  Sen.  Doc.  No.  12,  2d  session  28th  Cong.) 
From^  the  knowledge  I  possess  of  the  nature  of  the  article  usually 
sold  as  West  India  molasses,  and  from  the  high  quality  of  the 
standard  adopted  by  the  government  as  refined  sugar  entitled  to 
drawback,  I  do  not  hesitate  to  say  that  such  sugar  cannot,  in  the 
present  state  of  the  art  of  sugar  refining,  possibly  be  made  from 
molasses,  or  sirup  adulterated  with  molasses.  Those  refiners  who 
extract  sugar  from  molasses  manufacture  only  a  brown  sugar,  which 
contains  so  much  uncrystallizable  or  mucilaginous  sugar  as  to  ren- 
der it  wholly  unfit  for  refining.  That  from  molasses,  which  usually 
contains  nearly  60  per  cent,  of  crystallizable  sugar,  and  from 
which  40  per  cent,  may  be  actually  crystallized,  leaving  still 
SO  per  cent,  in  the  mother  liquor,  a  refiner  Aiay  and  does  extract 
say  35  per  cent.,  realizing  a  sufficient  profit,  is  certainly  not  sur- 
prising. And  these  are  facts  which  are  established  by  the  analyses 
of  Messrs.  Booth  and  Boy^  and  myself;  and  by  the  information 
contained  in  the  report  to  the  Secretary  of  the  Treasury,  of  the 
collector  of  Philadelphia,  made  10th  August,  1843. 

Whether  this  branch  of  industry,  which  is  pursued  only  by  a  few 
iodividuals,  and  to  an  extent  at  present  which  is  trifling  in  its 
influence  upon  the  sugar  trade,  shall  be  checked  before  it  attains 
sufficient  growth  to  interfere  considerably  in  the  home  market 
with  the  brown  sugars  of  Louisiana,  is  a  question  which  I  should 
leave  with  those  upon  whom  the  constitution  confers  the  authority 
ind  devolves  the  duty  to  determine;  with  the  remark,  however, 
that,  so  long  as  planters  furnish  to  the  market  molasses  which^ 
like  the  specimens  Nos.  3  and  4  of  my  analysis,  con\a\na  a\x\.^  ^^t 
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cent,  of  cane  sugar,  and  but  a  very  small  relatiye  proportion  of 
foreign  matter,  it  will  be  found  profitable  to  extract  36  per  cent.| 
unle^ss  a  high  relative  duty  is  levied  upon  molasses.  And  whether 
it  may  be  well  to  increase  the  tariff  upon  molasses,  or  whether  the 
Louisiana  planter,  who,  in  competition  with  the  West  India  tradep 
has  to  contend  with  the  disadvantages  created  by  his  northern  cli- 
mate, should  not  receive  further  protection,  is  a  question  which 
belongs  to  the  legislative  department  of  the  governinent.  As  a 
chemist,  I,  however,  do  not  hesitate  to  say  that  sirup  may  be  so 
disguised  as  to  render  it  extremely  difficult,  if  not  impossible,  for 
even  experienced  sugar  refiners  to  decide  whether  it  be  molasses 
or  not.  And  I  feel  confident  that  I  could  readily  compose  a  mix- 
ture which  would  deceive  both  the  officers  of  the  custonh  and  re- 
finers by  their  usual  tests  of  sight,  taste  and  touch,  and  without 
rendering  it  difficult  to  obtain  from  it  a  sugar  which  would  be  of 
very  good  quality,  but  which  might  not  yield  an  article  that  would 
be  allowed  at  the  custom-houses  to  receive  the  benefit  of  drawback. 
Cane  sugar  may  be  mechanically  mixed  with  molasses,  and  frau- 
dulently imported  as  a  deposite  in  the  cask;  it  would  then  increase 
the  weight,  and  could  be  readily  detected  by  a  revenue  officer. 
But  it  does  not  follow  that  molasses,  containing  even  a  very  con- 
siderable deposite,  is  mixed  with  sugar;  for  this  deposite  may,  and 
often  probably  does,  consist  of  organic  matter,  less  soluble  than 
sugar. 

30.  In  conclusion,  I  would  state  that,  by  the  methods  I  have  de- 
scribed, sugars,  sirups,  molasses,  and  other  saccharine  substancei, 
may  be  accurately  analyzed  and  distinguished  from  each  other* 
There  is  not,  to  my  knowledge,  in  organic  chemistry  a  test  so  deli- 
cate and  decided  as  the  copper  test  of  Trommer,  with  the  exception 
of  that  of  iodine  for  starch;  and  combined  chemical  and  optical 
analyses  seem  to  possess  all  requisite  accuracy  for  practical  par* 
poses.  Already  has  this  beautiful  discovery  of  Biot  found  its  way 
uito  refineries;  and  the  house  of  MM.  Say  &  Dum6ril,  of  Paris,  have 
employed  it  with  accuracy  and  profit.  The  highly  intelligent  and 
enterprising  proprietors  of  the  firm  of  J.  S.  Levering  &  Co.,  of 
Philadelphia,  have  also  availed  themselves  of  this  process;  and  in 
their  establishment  may  be  seen  practically  illustrated,  on  a  large 
scale,  the  advantages  to  be  attained  by  the  union  of  science. and 
art.  To  put  the  question  entirely  at  rest,  however,  of  what  consti- 
tutes molasses,  and  what  syrup,  and  how  one  may  always  be  dis- 
tinguished from  the  other,  as  well  as  to  establish  the  facts  by  an 
increased  number  of  examples,  which  the  analyses  of  a  few  speci- 
mens only,  as  given  by  Messrs.  Booth  and  Bo}^  and  myself,  tend  to 
show,  I  deem  it  expeilient  that  further  researches  should  be  made 
upon  this  subject.  Analyses  of  cane  juice,  in  its  different  stages  of 
progress,  sirup  of  cane,  battery  sirup,  &c.,  should  also  be  made^ 
which  can  only  be  properly  done  before  it  has  suffered  change  bj 
fermentation  or  otherwise  in  its  removal  from  the  place  of  manu- 
facture; which  analyses  may  serve  incidentally  to  show  whether 
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the  above  mentioned  disadvantages  of  climate,  ^^hich  affect  the 
planter^  of  our  country,  may  not,  at  least  in  part,  be  alleviated  by 
increased  knowledge  of  the  composition  and  properties  x)f  the  ma- 
terial upon  which  they  operate,  and  consequent  improved  processes 
of  manufacture;  and  thus  the  government  may  be  put  in  possession 
of  all  the  facts  necessary  to  enlighten  and  illustrate  its  policy  with 
reference  to  this  subject;  frauds,  by  being  rendered  of  ready  detec- 
tion, will  be  prevented,  and  their  attempts  finally  abandoned;  and 
knowledge  will  be  obtained  which  cannot  fail  to  be  of  general  in-* 
terest  and  great  importance  to  all  concerned  in  the  manufacture  of 
sugar)  whether  as  planters  or  refiners.  These  analyses  may  be  made 
at  but  little  cost,  and,  through  the  instrumentality  of  the  officers  of 
the  customs  and  cooperation  of  the  Treasury  Department,  the  seve- 
ral varieties  of  molasses  imported  may  oe  procured,  accompanied 
-with  information  respecting  their  places  of  manufacture,  and  the 
times  and  ports  at  which  they  were  shipped 

On  the  drawback  to   he  allowed  on  Jorcign   sugars  r^ned  in  the 

United  States. 

31.  I  have  felt  much  perplexed  to  devise  the  proper  means  of 
furnishing  the  evidence  called  for  by  the  second  clause  of  the  reso- 
lution of  the  House  of  Representatives  of  July  21st,  1842.  Not 
that  it  is  difficult  to  decide  what  amount  of  drawback  shouM  be 
paid,  or  to  obtain  accurate  information  upon  which  to  base  suitable 
action;  but  experiments  on  a  small  scale  will  not  answer  the  ques- 
tion, what  is  the  practical  economical  result  of  large  operations, 
although  they  may,  and  they  do,  confirm  the  testimony  of  those 
engaged  in  refining  sugar.  Such  researches  zs  those  I  have  men- 
tioned on  the  solubility  and  crystallization  of  sugar,  have,  apart 
from  their  immediate  value,  that  also  of  enabling  us  to  sit  in  judg- 
ment upon  testimony  offered  by  persons  professinp^  an  acquaintance 
"With  this  branch  of  industry,  and  whose  professions  may  be,  and 
sometimes  are,  rather  the  fruit  of  boastful  ignorance  than  of  accu- 
rate knowledge.  I  have  been  struck  with  the  discordance  of  state- 
ments which  have  been  made  by  individuals,  whose  characters  are 
beyond  impeachment,  and  who  doubtless  all  believed  what  they  re- 
presented. But  many  of  them  testify  from  hearsay;'  hence  it  is 
natural  that  the  government  should  have  been  greatly  at  a  loss 
what  to  believe,  or  what  decisions  to  cornsider  just. 

The  present  refiners  themselves,  who  only  can  testify  from  know- 
ledge, have  been  regarded  as  interested  witnt  sses;  and  old  refiners 
who  have  retired  Irom  the  business,  when  they  make  statements 
■with  regard  to  recent  improiemtnts,  usually  speak  from  conjecture, 
and  often  imagine  the  results  to  be  lap  beyond  the  actual  facts.  If 
we  would  resort  lo  books  for  infoiniation  we  are  equally  liable  to 
be  misled;  for  those  books  ape  gcner<illy  the  productions  of  foreign 
authors,  who  speak  for  thfir  own  couniries;  and  it  is  a  fact  highly 
creditable  to  our  countiymun  that  American  refined  SLUgar,  of  supe- 
rior qi(§lity3  surpasses  in  excellence  and  beauty  any  that  is  made  in 
Europe;  and  that  it  therefore  commands  a  higher  price  iiv  {oi^\^tL 


[50] 


50 


markets.     But  refifiing  may  be  considered  a  separation  of  the  ii 
punlies  from  raw  sugar;  and,  if  we  would  obtaiu  a  better  article^ 
we  cannot  therefore  produce  so  much  of  it. 

I  have  come  to  the  eonelusion,  that  whatever  may  be  the  con- 
firmatory  experimefits  we  may  try  on  a  small  siale,  the  desired  in* 
formation   can   only  be  satisfactorily  reached    by  recourse  to  the] 
principal  establishments  tbeniselves.     But  it  would  neither  be  pro'i 
per  to  demand  nor  fit  that  t)ie  rtiiners  should  expose  to  the  public] 
private  aflfairs  upnn  which  their  success  as  individuals  may  oftea] 
depend.     Our  government  very  properly  protects  the  private  in-j 
terests.of  her  citizens  in  the  fruits  of  their  mental  labor  by  patent, 
rights;  but  there  are  advantages  that  some  manufacturers  possess 
over   their  competitors,  which  can   only  be  properly  secured  by 
keeping  them  secret;  and  it  is  certainly  no  want  of  liberality  that] 
persons  should  reap  the  fruits  of  I  heir  own  experience,  often  bought 
at  the  expense  of  heavy  losses  of  capital.     I  make  these   remarks 
because  the  refiners  have  been  blamed  for  their  secrecy;   but  those 
who  have  visited  manufacturing  establishments  are  aware  that  sugar: 
refiners  are  not  singular  ii\  keeping  thair  secrets.     I  hare  not  foundl 
them  more  so  than  others^  and  a  proper  personal  introduction  hasl 
never  failed  to  open  even  the  most  bidden  mysteries  to  me,  yet  mi 
confidence  that  I  would  not  divulge  private  matters,  to  the  disad-^ 
vantage  of  those  who  extended  to  me  facilities  of  accurate  informa- 
tion.    It  is  from   knowledge  thus  obtained    from  refiners   of  higl 
standing  and  intelligence,  as  well  as  from  my  own  personal  obser- 
Tations  of  their  processes,  that  t  give  the  following  as  the  probable! 
average  yield  of  refining  in  the  United  States,     Thirty  per  cent.  ©I 
white  sugar  aj^d  seventy  per  cent^  of  brown  (the  average  mixture] 
yield — 


By  the  vacuum  process  : 

Refined ..«,....« ^ «  55 ,4 

Bastard  .•*••,. ,..,  ^2.9 

Molasses  «».«..  « 17,4 

Dirt  and  waste. .«  4.3 


By  the  old  process : 

Loaf*..,.* ,,  40. 

Lump 13*6 

B?.stard,  ,* ,  19.6 

Molasses  ,...*•  ,.,..,*»  24,5 

Dirt  and'waste 2.3 


100,0 


100.0 


I 


These  are  the  mean  results,  not  of  a  particular  variety  of  raw 
sugar,  nor  for  a  single  year,  but  of  millions  of  pounds,  and  of  re- 
fining with  great  intelligence  and  skilL  I  calculate  {rom  them  the 
drawback  to  be  allowed  as  follows:  ^ 

Duty  on  30  pounds  white,  at  4  cents* ,,.   $L20.00 

Duly  on, 70  pounds  brown,  at  2|  cents.  ...*,•.  ,..,,».,..      L75,00 


•2 


95.00 


A 
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For  the  vacuum  process: 
Duty  to  be  retained  on  22.9  pounds 

bastard,  or  brown,  at  2^  cents $0.57.25 

1^.4  pounds  molasses,  at  4^  mills 0.07.82 

$0.65.07 

2.29.93 
Drawback  4. 15  cents  per  pound  on  55.4  refined 2.29.91 

Difference  in  favor  of 'the  revenue 0.00.02 

For  the  old  process: 

Amount  of  duty,  as  above $2.95.00 

19.6  poundF^  at  2^  cents $0.49.00 

24  5  pounds,  at  4^   mills .^•..     0.11.02 

60.02 

2.34.98 
Drawback  4.4  cents  on  53.6  pounds 2.35.84 

Difference  in  favor  of  the  refiner 0.00.86 

The  mean,  4.27  cents,  or  A\  nearly,  would  therefore  be  the  fair 
average  drawback  to  be  paid  on  rtfined  sugar,  under  the  present 
tyiff. 

Preliminary  to  the  inquiry,  what  is  the  amount  of  drawback  to 
be  allowed  on  refined  sugar,  is  the  question:  what  is  ^^refined  sugar^^ 
itselfl  The  present  tariff  act,  section  14,  enacts,  that  ^Hhere  shall 
be  allowed  a  drawback  on  foreign  sugar  refined  in  the  United 
States,  and  exported  therefrom,  equal  in  amount  to  the  duty  paid 
on  the  foreign  sugar  from  which  it  shall  be  manufactured,  to  be  as- 
certained by  such  regulations  as  shall  be  prescribed  by  the  Secre- 
tary of  the  Treasury,  and  no  more."  Now,  the  question,  what  is 
refined  sugar  under  the  meaning  of  the  laws  of  the  United  States! 
is  fortunately  not  open  to  difference  of  opinion,  although  various 
countries  have  adopted  different  definitions,  in  conformity  with 
their  respective  policies.  In  Great  Britain,  for  instance,  refined 
sugar  is  considered  to  be  the  whole  product  including  even  the 
darkest  bastard;  and  this  explains  the  fact,  that  the  refiners  of  that 
country  are  required  to  export  67  per  cent,  when  refining  in  bond. 
But  by  the  decision  of  tbe  Supreme  Court  in  the  case  of  Barlow 
vs,  the  United  States,  7  Peters,  410,  it  is  established,  that  "if,  in 
a  loose  si|;nification  among  refiners,  sugars  should  sometimes  be 
spoken  ot  as  being  refined,  without  having  undergone  the  further 
process  of  claying,  or  if  the  whole  mass  resulting  from  that  process 
should  sometimes  indiscriminately  acquire  among  tliem  that  appel- 
lation in  a  like  loose  signification,  still  if  among  buyers  and  seJIers 
generally,  in  the  course  of  trailc  ?.i\d  business,  the  appellation  *re- 
fined  sugnrs'  is  txclusively  limited  to  the  products  called  lump  and 
loaf  sugar,  and  never  includes  bastard  sugar,  the  acts  of  Congress 
ought  to  be  construed  in  this  restrictive  sense.  This  was  the  doc- 
triae  of  this  court  in  the  case  of  two  hundred  chests  oi  Veti^^ux\\\\ 
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daimant,  9  Wheaton's  Reports,  438,  439;  and  there  is  not  the 
alighlest  inclination  on  the  ^art  of  this  court  to  retract  it.  Now, 
-without  minutely  sifting  the  evidence  in  this  case  we  think  that 
there  is  a  decisive  and  unequivocal  preponderance  of  evidence  to 
establish  that  bastard  sugar  is  not  deemed  in  a  commercial  sense 
^refined  sugar.'  The  appellation  is  exclusively  limited  to  such  as 
Aave  assumed  at  some  time  the  form  of  white  refined  loaf  or  lump 
mgar.  This  is  established,  not  merely  by  the  testimony  of  mer- 
chants and  grocers,  and  persons  in  the  custom-houses,  but  by  the 
testimony  of  sugar  refiners."  * 

Hence,  of  the  53.6  per  cent,  of  refined  sugar  obtained  by  the  old 
process,  I  have  not  in  my  calculations  discriminated  between  the 
4'Oper  cent,  of  loaf  sugar  and  13.6  of  lump,  but  have  treated  it  all 
:ilike  as  refined  sugar  entitled  to  drawback.  And  if,  as  I  have  been 
1old,at  some  of  the  customhouses,  lump  sugar  or  refined  sugar  of 
inferior  quality,  is  not  allowed  the  benefit  of  drawback,  it  seems  to 
me  that  it  is  in  clear  violation  of  the  legal  rights  of  the  refiner, 
vhich  entitle  him  to  claim  on  "refined  sugar,"  of  any  quality, 
drawback  "equal  in  amount  to  the  duty  paid,"  "and  no  more." 
in  compliance  with  the  tariff  act  of  1842,  the  Secretary  of  the 
Treasury  took  steps  to  ascertain  this  "amount  of  duty  paid;"  and 
they  are  reported  in  Senate  Document  No.  12,  second  session 
liwenty-eighth  Congress.  Unfortunately  for  the  interest  of  the 
jefiners,  the  testimony  of  persons  was  /elied  on  who  did  not  tes- 
tify correctly,  and  some  of  them  even  from  conjectu.^e.  The  yield 
«f  the  process  of  refining  was  assumed  to  be  75  per  cent,  of  refined 
3Ugar,  and  the  drawback  was  consequently  fixed  at  three  and  a  half 
cents  per  pound.  Had  it  been  correctly  determined,  (and  that  it. 
▼as  not,  is  the  fault  of  those  who  offered  testimony  in  the  case,) 
J  am  of  opinion  that  it  would  have  been  of  great  advantage  to  the 
commerce  of  our  country,  particularly  in  the  Italian  trade;  for  I 
am  informed  that  at  present  much  of  the  sugar  refined  in  Holland 
and  Kngland  is  imported  into  the  United  States,  and  subsequently 
exported  in  Italian  vessels,  with  allowance  of  drawback,  to  Italy. 
This  i?  (lone  for  the  purpose  of  obtaining  the  benefit  of  the  diflFer- 
tntial  duties,  which  have  been  established  in  favor  of  American 
produce  with  a  view  to  the  extension  of  Italian  enterprise  and  the 
cultivalion  of  commercial  relations  with  the  United  States.  And 
It  is  owing  to  the  policy  adopted  by  England  and  Holland,  of  al- 
lowing not  merely  drawback,  but  bounty,  on  refined  sugar,  that 
notwithstanding  tlie  double  freight  and  coiji mission,  and  the  10  per 
cenf.  (vf  duty  retained  by  our  government,  the  British  jjkI  Dutch 
rcSners  can  and  do  indirectly  enjoy,  to  the  exclusion  of  our  citizens, 
Ihe  bcTiefit  of  regulations  which  were  intended  for  them  alone.  I 
have  now  before  mc  a  Ictltr  on  this  subjt:ct  from  the  consul  of  one 
of  the  Italian  governments  for  the  city  of  Kcw  York,  furnishing 
Bviderire  of  what  I  have  just  stuted;  and  I  have  been  tolil,by  very 
jnt-rllij^ent  refiners,  tl  at,  even  with  the  conip;!riitiVf:ly  high  prices 
of  labor  which  Arneriran  wi'rkiDtii  do  a7id  ^/louid  always  receive, 
they  can  conipite  with  the  ii'MLcrs  of  Holland  and  England  in 
'JtaJian  warkvt^,  if  our  government  will  mertly  return  to  them  the 
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full  amount  of  duty  paid;  and  that  this  should  be  done, cannot  ba 
doubted,  not  only  because  it  is  but  justice  to  ^the  refiner,  but  alse 
because  it  would  give  employment  to  a  large  number  of  workmen^ 
and  greatly  serve  the  commerce  of  our  country. 

To  put  the  question  of  drawback  on  refined  sugars  entirely  at 
rest,  technical  investigations  can  be  made  at  a  slight  expense,  in  z. 
manner  which  will,  I  think,  furnish  at  an  early  day  facts  tliat  mar 
be  published  without  injury  to  private  persons  or  violation  of  coa- 
fidence,  and  which  will  leave  nothing  to  be  desired  with  regard  t« 
their  completeness  or  their  authenticity. 
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SECTION  II. 


INTRODUC  nON. 


32.  The  arrangement  I  have  adopted  in  this  section  is,  Rrst^  to 
develope  the  general  theory  of  hydrometers,  with  a  decimal  sys- 
tem for  the  graduation  of  their  scales;  after  which,  particuTar  in- 
structions will  be  given  for  their  construction,  and  the  different  in- 
struments in  use  in  the  United  States  and  in  Europe  will  form  so 
many  instances  to  which  the  general  principles  established  maybe 
applied.  I  shall  then  discuss  the  present  state  of  our  knowledge 
upon  the  temperature  of  the  maximum  density  of  water,  and  apply 
to  the  most  exact  observations  a  method  of  calculation  more  figid 
than  seems  to  have  been  used,  and  by  which  I  obtain  a  different 
result.  Lastly,  I  shall  describe  the  systems  of  ^'proofs''  of  distilled 
spirits,  both  of  Europe  and  our  own  country,  and  give  the  results 
of  an  experimental  comparison  of  the  principal  hydrometers  used 
for  ascertaining  the  strength  of  spirits. 

In  the  subsequent  part  of  this  report,  I  h^ve  not  ascribed  to  M. 
FrancoKur  alone  the  decimal  system  developed  in  it,  for  it  is  to  Pro- 
fessor R.  M.  Patterson,  director  of  the  United  States  mint,  who 
urged  upon  me  the  expediency  of  such  a  system,  and  who,  at  thie 
9ame  time,  informed  me  of  the  admirable  method  of  decimal  weigh- 
ing he  has  introduc(?d  into  the  United  States  mint,  that  I  am  indebt-* 
ed  for  the  suggestions  which  caused  me  to  adopt  decimal  gradua- 
tion before  I  knew  even  of  the,  existence  of  the  memoir  of  Mi 
Franc(JBur.  The  idea  of  decimal  division  belongs  indeed  to  the  age. 
In  the  Journ.  de  Physique  T.  94,  p.  204,  there  is  a  paper  by  M. 
Delezennes,  in  which  a  system  of  four  hundred  divisions  is  discus- 
#  sed;  the  views  it  presents  may  be  easily  adapted  to  a  centigrade 
system.  Within  a  few  days,  I  have  received  from  Paris  the  val- 
uable memoir  of  M.  Francuiur  on  centigrade  hydrometers,  from 
which  I  have  made  several  extracts  in  this  report.  But  I  have 
endeavored  to  be  just  by  citing  authorities  towhich  I  have  referred; 
and  these  have,  when  accessible,  always  been  the  originals;  thus 
also  furnishing,  incidentally,  references  to  those  who  may  desire  a 
more  extended  acquaintance  with  the  subjects  of  this  report. 

It  is  greatly  to  be  regretted,  that  a  report  made  by  Professor.  R. 
M.  Patterson  to  the  Treasury  Department,  in  1825,  upon  the  sub- 
ject of  hydrometers,  was  destroyed  when  the  former  treasury  build- 
ing was  burnt,  and  that  no  copy  of  it  can  now  be  found. 
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On  the  theory  of  the   hydrometer^  and   a    decimal   system  for  its 

graduation. 

33.  By  the  laws  of  hydrostatics,  it  is  established  that  a  body  im- 
mersed in  a  fluid  is  buoyed  or  pressed  upwards  by  a  force  exactly 
equal  to  the  weight  of  the  bulk  of  the  fluid  which  it  displaces. 
Hencf  I  if  the  body  float,  the  weight  of  the  volume  of  liquid  which 
would  fill  the  space  occupied  by  the  portion  immersed  is  exactly 
equal  to  the  entire  weight  o(  the  body  itself.  From  this  single 
fact,  with  beautiful  simplicity,  the  whole  theory  of  hydrometry 
readily  flows. 

For,  let  the  floating  body  be  a  hydrometer,  having  the  usual 
simple  construction,  represented  in  Fig.  (4)  of  a  graduated  stem, 
a  bulb  and  a  counterpoise,  or  ballast,  to  preserve  it  in  stable  equi- 
librium when  in  a  vertical  position.  Let  p  denote  its  weight,  y 
the  specific  gravity  or  density  of  the  liquid  in  which  it  floats,  and 
X  the  volume  of  the  quantity  displaced;   then  will 

P==3cy (8). 

This  equation,  as  p  is  essentially  positive,  will  be  at  once  recog- 
nised as  that  of  the  hyperbola  referred  to  its  asymptotes.  We 
hive  therefore  a  very  simple  curve  for  our  instrument,  which  etk- 
ables  us  easily  to  deduce  all  its  properties;  and  of  which  the  ab- 
scissas represent  volumes  of  liquid  displaced,  and  the  ordinates  the 
corresponding  densities.*  The  consecutive  abscissas  are  therefore^ 
the  degrees  of  the  graduated  stem.  If  the  coordinates  are  rectan- 
gular, then  will  the  hyperbola  be  equilateral^  and  p  will  be  the 
^  modulus  of  the  corresponding- system  of  logarithms;  we  shall  there- 
fore call  p  the  modulus  of  the  hydrometer. 

If  the  constant  weight,  or  modulus,  p,  be  determined  by  a  bal- 
ance, thfn  will  equation  (8)  easily  give  the  value  of  the  specific 
gravity  y,  corresponding  to  any  particular  value  of  x  measured  on 
the  stem. 

Now,  as  the  differences  of  the  ordinates  of  the  hyperbola  cor- 
responding to  consecutive  abscissas  are  not  equal,  it  follows  that 
the  spaces  between  the  degrees  of  the  stem  to  read  equidifferent 
specific  gravities  must  be  unequal,  and  that  the  stem  for  this  pur- 
pose cannot  be  graduated  into  equal  divisions. 

34.  Whether   or  not,  in    the   pre'sent   highly  advanced    state  of 

Iihilosophical  instrument  making,  it  may  be  easy  to  graduate  a 
ine|  so  that  the  degrees  shall  be  laid  off  accurately  at  distances 
corresponding  to  differences  of  the  ordinates  of  a  hyperbola,  prac- 
tical mechanics  only  can  say.  But  I  should  suppose  that,  as  the 
lengths  of  these  differences  may  be  easily  calculated,  the  graduated 
micrometer  screw  of  ^a  dividing  engine  would  accomplish  the  de- 
sired object.  Geometrical  methods  are  not  wanting,  and  they  are 
10  evident  that  they  will  readily  occur  to  one  acquainted  with  the 
elements  of  conic  sections,  and  need  not  be  given  here.  But  that 
a  hydrometer  msfy  be  convenient  and   useful  in  l\xe  ai\.s^\\.  \x^^\ 
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not,  and  perhaps  it  should  not,  read  specific  gravities;  for  these 
are  usually  expressed  in  decimal  Iractions;  therefore,  are  recollected 
Avith  difficulty,  and  liable  to  accidental  mistakes.  The  manufacturer 
has  no  need  'of  them  in  his  processes;  and  it  is,  for  instance,  far 
simpler  and  more  easy  to  remember,  that  an  acid  or  sirup  has  the 
density  of  20^  Beaum^,  than  that  its  specific  gravity  is  1.166612^ 
that  of  water  being  unity.  Hence  we  find  that  in  France,  though 
Brisson  brought  forward  simultaneously  a  hydrometer  reading 
specific  gravities,  and  succeeded  in  causing  a  violent  opposition  to 
the  instrument  of  Beaum6,  the  latter  has  come  into  very  general 
use;  and  not  merely  in  France,  but  also  in  other  countries  of  Eu- 
rope, as  well  as  in  the  West  Indies  and  our  own  country.  Cer- 
tainly, therefore,  the  cause  of  this  must  lie  in  the  advantages  which 
in  the  instrument  of  Brisson  were  found  wanting.  The  difficulty 
of  construction,  and  consequent  high  price,  were  perhaps  the  chief 
reasons  why  an  instrument  based  on  rigid  scientific  principles,  was 
superseded  by. one  depending  upon  arbitrary  and  uncertain  rules; 
but  which  was  simple  and  easy  in  its  construction  and  use,  and 
being  of  comparatively  low  cost,  was  therefore  economical.  Hy- 
drometers are  ftirnished,  of  equal  accuracy  of  workmanship  and 
,  fitness  for  the  same  purpose,  which  vary  in  cost  so  much,  that  one 
is  sold  for  fifty  cents,  and  another  for  twenty-five  dollars;  they  are 
oftien  injured,  and  must  then  be  replaced.  Certainly,  therefore^ 
price  is  a  matter  of  great  moment,  and  simplicity  in  construction 
and  employment  is  of  essential  importance. 

35.  Nor  is  it  necessary,  even  in  scientific  researches,  that  the 
densities  measured  should  be  always  expressed  in  specific  gravities;, 
for  simplicity  tends  to  accuracy,  and  whole  degrees  of  a  hydrom- 
eter are  often  better  than  fractional  specific  gravities.  Yet,  is^ 
Science  belongs  not  exclusively  to  any  country  or  nation,  she  should 
speak  everywhere  a  common  language;  nor  i.^  any  one  at  liberty 
to  violate  its  grammar,  if  he  would  be  understood.  Hence  a  hy- 
drometer scale  may  be  arbitrary,  but  must  be  founded  upon  invari- 
able data,  and  the  degrees  of  that  scale  should  be  translated  into 
corresponding  specific  gravities  when  it  is  desired  that  they  may  be 
intelligible  to  the  worui.  In  article  32  I  have  shown,  that  whea 
the  modulus  p  is  known,  and  the  degree  x  observed,  for  any  liquid^ 
then  the  specific  gravity  y  is  readily  obtained  from  equation  (8)  by 
a  very  easy  calculation.  For  the  reasons  above  given,  further  dis- 
cussion of  hydrometers  to  read*  specific  gravities  is  here  unneces- 
sary, and  the  simple  theory  upon  which  their  construction  should 
be  based  being  briefly  exposed,  the  subject  may  properly  be  left  to 
men  of  science  and  accomplished  mechanics.  We  therefore  resume 
the  examination  of  hydrometers  graduated  into  equal  divisions.    . 

36.  In  equation,  (8,)  suppose  that  y  becomes  equal  to  unity — a 
condition  which  will  be  fulfilled  when  the  hydrometer  is  put  into 
distilled  water  at  the  temperature  of  its  maximum  density — then 
will  p  be  equal   to  x.     The  modulus  of  a  hydrometer  is  therefore 

ef^t/a/ ^o  tAe  volume  of  water  at  its  maximum  density  which  the  h  y 
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dromtter  would  displace.  There  are  obvious  i:easons  why  the  tem- 
perature of  maximum  density  is  that  which  should  be  selected.  At 
that  point,  a  variation  of  temperature  of  five  or  six  degrees  of 
Fahrenheit  would  only  cause  a  difference  of  0.0001;  nor  is  there 
any  liability  to  change  from  the  liquid  to  a  solid  state,  as  is  the 
case  at  the  freezing  point,  which  may  be  rendered  statical  by  im- 
mersion in  melting  ice. 

37.  As  hydrometers  are  generally  applied  to  two  different  classes 
of  fluids — aqueous  solutions,  which  are  more  valuable  as  they  con- 
tain more  of  the  substance  dissolved  and  are  more  dense;  and 
fluids  lighter  than  water,  such  as  alcohol,  which,  on  the  contrary, 
are  stronger  as  they  contain  less  of  water,  and  become  lighter — the 
degree  which  corresponds  to  p,  the  modulus,  or  which  marks  the 
normal  density  of  water,  is  a  zero  point  for  hydrometers,  prescribed 
by  the  nature  of  their  applications,  ai^d  therefore  having  nothing 
arbitrary  or  uncertain  in  its  determination.  For  fluids  heavier  than 
water,  the  degrees  would  read  downwards,  and  be  negative;  while, 
for  fluids  lighter  than  water,  they  would  read  upwards,  and  be 
positive.  In  either  case,  the  degrees  increase  in  proportion  to  the 
quantity  of  the  substapce  which  imparts  value  to  the  liquid.  The 
zero  point  of  a  hydrometer  might  be  assumed  as  that  of  its  volume,  ' 
or  at  the  lower  extremity,  where  x  is  equal  to  nothing  and,  to 
avoid  fractions,  the  modulus  might  be  marked  100  on  the  stem; 
water  would  then  be  100  instead  of  unity.  To  such  a  scale,  the 
only  important  objectitn  would  probably  be,  that  for  fluids  denser 
than  water  the  degrees  would  read  inversely,  instead  of  directly, 
as  tbeiir  commerjcial  values;  and  this  objection  would  be  found  a 
serious  one  in  its  application  to  the  arts. 

38.  Assuming,  therefore,  that  the  modulus  of  a  hydrometer,  or 
its  weight,  establishes  its  proper  zero  point,  we  may  proceed  to 
show  how  the  instrument  can  be  graduated  without  introducing 
any  thing  capricious  into  its  construction.  As  the  equi-different 
▼aiues  of  X  mark  the  divisions  of  the  scale,  and  denote  in  equation 
(8)  volumes  displaced,  the  modulus  or  normal  volume  must  contain 
a  certain  number,  whole  or  fractional,  of  these  divisions,  which 
number  is  entirely  arbitrary,  for  the  variable  x  is  subject  only  to 
the  condition  that  its  increments  shall  be  equal,  though  they  may 
be  of  any  magnitude  whatever.  Accordingly,  we  find  that  one  of 
the  most  general  artifices  adopted  by  instrument  makers,  to  render 
the  construction  of  a  particular  hydrometer  a  secret,  and  a  monop- 
oly to  their  own  profit,  has  consisted  in  the  capricious  selection  of 
a  value  for  the  increments  of  a:,  or  the  divisions  of  the  scale.  Add 
to   this  another  artifice,  that  of   an    arbitrary  change    of   the   zero 

,  point,  and  we  have  the  explanation  of  the  fact  that  hydrometers 
have  been  multiplied  until  almost  every  city  of  any  consequence 
has  produced  its  hydrometer,  known  only  by  the  name  of  its  ma« 
ker,  and  possessing  no  peculiar  advantages  over  others,  from  which 
it  differs  in  no  material  respect.  I  have  endeavored  to  inform  my- 
stJf  of  all  the  hydrometers  in  extensive  use,  either  \u  EiWto^j^  o^  \ti. 
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our  own  country,  but  am  still  constantly  hearing  of  aDother^  dif- 
ferent from  the  rest  only  in  its  phrticular  arbitrary  constructiort. 
And  they  may,  be  multiplied  indefinitely.  If  a  commercial  mystery 
-were  not  made  of  the  data  upon  which  any  one  of  these  instru- 
ments is  constructed,  its  indications  would  be  easily  intelligible  by 
being  convertible  into  specific  gravitiesj  and  if  broken,  it  could 
readily  be  replaced  by  any  good  w^orkman,  which  cannot  be  done 
if  the  basis  of  the  instrument  be  kept  a  secret.  Now,  all  this  con- 
fusion may  and  should  be  done  away  with,  at  least  in  as  far  as  the 
Eublic  service  of  our  country  is  concerned,  by  the  establishment 
y  law  of  a  system  of  hydrometry  founded  upon  published  and 
invariable  data,  and  as  free  from  an  arbitrary  nature  as  it  is  prac- 
ticable for  it  to  be. 

It  has  been  shown  that  some  particular  volume  must  be  given  to 
the  differences  of  a:;  or,  in  other  words,  the  modulus  must  be  divi- 
ded arbitrarily,  but  we  cannot  be  at  a  loss  to  determine  what  that 
number  ought  to  be;  for  the  decimal  system  of  notation  has  become 
incorporate  d  with  all  our  ideas  of  number,  until  they  seem  almost 
inseparable  from  each  other.  To  those  who  have  become  accus- 
tomed to  our  beautiful  decimal  coinage,  and  have  often  contrasted 
.  it  with  the  complex  system  of  guineas,  pounds,  shillings,  and  pencei 
the  decimnl  division  of  a  scale  needs  no  argument  to  commend  it 
to  their  adoption.  In  trade,  articles  bought  and  sold  are' usually 
divided,  if  it  all,  into  halves,  or  quarters;  thus  the  yard  is  subdi- 
vided rather  into  halves,  quarters,  and  eighths,  than  into  feet  and 
inch^'S.  For  convenience,  therefore,  the  fractional  parts  of  the  unit 
of  value,  the  dollar,  arc  halves  and  quarters;  but  this  does  not  im- 
pair either  the.utility  or  beauty  of  the  method  of  Counting  by  dol- 
lars and  cents.  In  strict  analogy,  therefore,  with  our  simple  coinage, 
the  hydrometer  may  be  decimally  divided,  each  degree  being  equal 
to  the  hundredth  part  of  the  volume  of  the  modulus,  or  bulk  of  dis- 
tilled water  at  its  maximum  density  displaced  by  the  floating  instru- 
ment. And  these  degrees  may  be  again  subdivided  decimally  intO'. 
tenths,  hundredths,  etc.,  so  that  any  desired  degree  of  sensibility 
mviy  be  given  to  a  hydrometer  belonging  to  this  system. 

39.  It  is  evident,  from  equation  (8,)  that  so  long  as  the  weight 
p  of  a  hydrometer  remains  cqnstant,  the  value  of  x,  corresponding 
to  any  given  value  of  y,  will  not  vary.  Suppose  that  by  a  blow  the 
bulb  of  a  metallic  hydrometer  becomes  indented,  and  its  voliime 
consequently  diminished,  then  will  it  sink  deeper  to  an  extent 
equal  in  volume  to  that  of  the  indentation,  and  this  quantity  be- 
comes therefore  a  constant  correction  of  the  zero  point,  to  be  ap- 
plied sublractively  for  fluids  lighter  than  water,  or  to  positive 
readings,  and  additively  for  fluids  heavier  than  water,  or  to  negative 
readings.     But  the  diflerences  upon  the  scale  will  be  exact. 

40.  For  any  two  hydrometers  of  different  weights  we  have 

p  —  xy;  P'  =  x'yy 
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when  they  are  plunged  into  the  same  fluid,  of  ^hich  y  denotes  the 
density;  hence, 

or  the  degrees  are  to  each  other  in  the  constant  ratio  of  their  res- 
pective moduli.  And  as  this  is  true  for  any  values  of  y^  x,  and  x'^ 
which  correspond  to  each  other,  it  is  true  for  all;  or,  in  tte  deci- 
mal system,  when    * 

P                     ■        P' 
x  =  n ,  then  x'  =  n 

100  100. 

It  is  therefore  evident,  that  any^two  hydrometer^cf  the  decimal 
system,  however  different  in  their  respective  weights  and  sizes,  will 
read  the  fame  number  of  degrees  when  plunged  into  the  same 
liquid.  And  if  the  sections  or  diameters  of  their  stems  are  of  the 
same  magnitude,  then  will  the.  lengths  of  the  degrees,  or  divisions 
on  the  stem,  be  proportional  to  the  weights  of  the  instruments. 
Hence  it  follows  that,  in  Dycas's  and  Sikes's  hydrometers,  to  which 
weights  are  added,  the  "^degrees  on  the  graduated  stems  belone  to 
systems  of  very  different  sensibility  for  each  successive  weight;  or 
that  each  weight  constitutes  in  fact  a  distinct  hydrometer  of  a  series, 
a  very  complicated  arrangement. 

41.  For  the'same  hydrometer,  suppose  that  y  varies  geometrically, 
or  that  it  is  immersed  in  liquids  of  different  specific  gravity.  When 

X 

y'  =s  2  y,  then  will  x'  =  —  , 

2 

Hence,  in  hydrometers  of  the  decimal  system,  50^  below  zero  will 
■correspond  to  a  specific  gravity  of  2,000,  water  being  unity.  For 
a  speci-fic  gravity  1.500, 

3  2  . 

as  y'  =  —  y,  and  x'  = —  x; 
2  3 

a  hydrometer  of  the  decimal  system  would  read  —  33^^,  while  25° 
corresponds  to  a  specific  gravity  of  1.3333.     Above  zero,  if 

y 

X  x'  =  2x,  .  y'  =  — ; 

2 

then,  in  th^  decimal  system,  +  100^  will  correspond  to  a  specific 
gravity  of  0.5000.  Hence,  the  hundredth  degree  of  the  decimal 
hydrometer  will  slightly,  but  sufficiently,  exceed  the  point  requi- 
site to  show  the  specific  gravities  of  sulphuric  ether,  caoutchoucine^ 
and  the  lightest  known  Uquida.    And  all  liquids  lig\iler  iVi^u  Ni^V.^t^ 
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at  present  ktiown  to  chemists^  will  have  their  densities  comprised 
between  zero  and  +  100;  white  those  heavier  thiin  water  will  be 
indicatetl  by  the  negative  dfgrees  from  zero  to  lOO"^  below.  The 
simple  laWj  that  the  degrees  of  hydrometers  vary  inversely  as  the 
.  specific  gravities,  gives  rise,  as  we  have  se**n  above,  to  tbe  fact  that 
specific  gravities  of  i,  |,  |,  2,  etc.j  correspond  to  indications  of  100*^ 
above  zero,  and  25^,  ^^l^j  ^^^}  etc.,  below  zero.  Nothings  there- 
fore, seems  wanting" with  respect  to  simplicity  in  this  system, 

4Sp  We  have  hitherto  gypposed  that  the  weight  of  the  hydrome- 
ter is  sustained  only  by  the  liquid  in  wbich  it*  floats;  but  the  air 
also  aids  in  its  support,  by  the  buoyancy  it  exerts  upon  the  stem. 
If  we  denote  by  a  the  relative  dengity  of  air  to  that  of  water,  and 
by  V  tbe  total  volume  of  the  hydrometer,  then  will  v — x'  be  the 
volume  of  air  occupied  by  its  stem*  If  we  had  experimented  in 
vacuoi  for  the  ^^olute  weight  p^%e  should  have  found 


But  in  air  we  have 


a 

(x  —  x')  ^=  —  (t?^ —  x')  - 

y 


{9); 


iich  is,  therefore!  ^^^  correction  to  be  added  to  x\  the  degree 
Sierved  in  air  to  reduce  it  to  x,  the  degree  for  experiments  in 
vacuo*  The  error  committed  by  disregarding  this  correction  would 
evidently  be  least  when  the  density  of  the  liquid  or  y  is  greatest. 
And  if  y  be  constant,  then  will  the  error  vary  with  cj  which  de- 
pends upon  the  pressure  and  temperature  of  the  atmosphere,  a«  in- 
dicated by  the  barometer  and  thermometer;  so  that 


a^a 


Ci+fcO 

will  be  the  value  of  a  in  terms  of  the  normal  density  a'j  6  being 
the  coefficient  of  pressure,  t  the  degrees  of  the  thermometer  ob- 
served, and  k  the  coefficient  of  the  atmospheric  dilatation.  At  60° 
Fabrcuhfit  and  30  inches  of  the  barometer,  tbe  specific  gravity  of 
air  appears,  by  the  experiments  of  MM.  Biot  and  Arago,  to  be 
0.001220,  water  being  uoity;  if  we  take  the  cubic  inch  of  water 
equal  to  252,525  grains,  then,  for  a  cubic  inch  of  air,  we  have 
0.30808  grains.  IT  the  portion  of  the  stem  above  the  surface  of  the 
liquid  (t,^^^')  be  one  cubic  inch  in  volume,  0.30808  is  therefore  thte 
quantitjr,  which,  when  divided  by  the  density  y,  would  give  th' 
correction  to  be  applied,  provided  that  our  experiments  are  mad 
at  30  inclies  of  pressure  and  60^  Fahrenheit.  Suppose  that  the  li-^ 
quid  is  WBteTj  or  jj  equal  to  unity,  and  th^t  the  hydrometer  weighs 


1 
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500  grains,  then  will  5  grains  coi respond  to  one  division  of  the 
scale,  and  0^.06  will  be  the  error  committed  by  omitting  to  take 
into  consideration  the  influence  of  the  atmosphere.  Hence,  lis  y  va- 
ries within  narrow  limits  for  all  known  liquids,  except  mercury, 
say  from  0.65  to  2.0,  we  conclude  that  an  allowance  for  atmos- 
pheric pressure  need  not  be  made  in  the  or4linary  use  of  hydrome- 
ters; and  is  only  called  for  in  nice  scientific  investigations.  Still 
less  is  it,  therefore,  requisite  that  we  should  take  into  account  the 
effects  of  the  barometrical  and  thermoraetrical  oscillations  of  the 
atmosphere  on  either  side  of  its  mean  or  normal  state. 

I 
43.  We  have  likewise  assumed  that  observations  ©f  the  hydrome- 
ter are  made  at  the  temperature  of  the  maximum  density  of  water, 
at  which  the  volume  of  water  displaced  x  becomes  equal  to  jo,  and 
y  is  unity.     At  any  other  temperature,  the  volun#  of  water  being: 
greater,  y  will  be  less  than  unity,  and  x  will  become  greater  than 
jo;  or,  in  other  words,  the  hydrometer  will  sink.     But,  as  heat  gen- 
erally expands,  and  loss  of  heat  contracts  bodies,  whether  solid, 
liquid,  or  gaseous,  the  hydrometer  itself  will  undergo  a  change  of 
volume  whenever   the  temperature   of  the   liquid   varies.     While, 
therefore,  the  dilatation  oF  the  liquid  tends  to  sink  the  hydrome- 
ter, its  own  dilatation  causes  it  to  rise;  which  action  is  reversed  in 
each  for  contraction.     Hence  the  influence  of  temperature  tends  to 
work  out  its  own  compensation.     If  the  ratio  of  dilatation  were 
tho  same,  both  for  the  hydrometer  and  ^he  liquid  in  which  it  swims, 
then  would  this  compensation  be  perfect;  but,  as  they  generally  vary 
very  considerably,  there  will  be  found  an  uncompensated  equation 
of  dilatation  of  appreciable  magnitude,  to   be  applied    to  observa- 
tions made  at  other  temperatures  than  that  of  the  maximum  density 
of  water.     And  this  equation  will  vary  with  the  cocflicient  of  dila- 
tation of  each  particular  liquid.     Hence,  it  becomes  important,  and 
even  indispensable,  that  tables  of  dilatation  should  be  obtained,  by 
exact  researches,  for  the  difl'erent  liquids  to  which  a  hydrometer  is 
applied.      From   these,  as   data,  tables  of  correction,  havintj   the 
temperature  observed  for  their  argument,  should  be  calculated;  or 
a   simple   approximate   arithmetical    rule    for    corrections   may   be 
given,  if  one  can  be  deduced;  or  a  mechanical  scale,  with  a  slidinj; 
rule,  may  be  used,  to  avoid  all  calculation  or  use  of  tables;  or,  last- 
ly, the  thermometer  employed  may  be  graduated  to  read   directly, 
instr:ad  of  its  usual  degrees,  thv  corrections  to  be  applied  to  indi- 
cations of  the  hydrometer.       The  coefiicient  of  dilatation  of  the 
particular  nieial  or  kind  of  glass  of  which  a  hydrouieter  is  made 
must  also   be  determined  with   accuracy  by  nice  experiments.     If 
-we  consider  the  dilatation  of  the  hydromett-r  apart  froin  that  of  the 
liquid,  then  will  it  cause  for  each  degree  of  temperaiure  a  particu- 
,lar  increment  of  volura«',  and  consequent  change,  prinLij)ally  of  lie 
zero  point,  w..ich  w.ll  be  constant  for  dilTercnt  liquids. 

To  obtain  tLe  tr'?ieral  lavr  of  corrLM'tions  for  tcm'pciaturr,  kt  Ix 
be  thCsCoeflRcient  of  cubic  dilatation  for  the  liquid,  and  k'.  the  cor- 
responding  coellicient   of  the   hydrometer;   kt   t   also  dei\Ql>i  vVv^ 


temperature  reckoned  frc^m  that  of  maximuat  densitj  as  the  drigia 
of  temperature;  then  will 

y  =  y'(i+AO (10)^ 

p  =  xVy'(l  +  A'0 (11). 

whtch  equation  J  if  we  put  it  iioder  the  farm 


l+k*i 

it  appears  tbat^fae  byperbolm  will  no  longer  be  equilateral,  uDlesa 
k*  ^^  0;  but  that  for  all  values  of  rbt  coefficient  oi  p  less  than  uni- 
ty, if  we  represent  this  coefficient  by  sin.  n/we  shall  have 

psin.u^x*y''     _     ,     .     .     _     (13)> 

which  is  the  equation  of  a  byperbobj  whose  asymptotes  form  witji 
,each  other  an  angle  tqual  to  u^  and  of  which  p  sin*  u  is  the  power. 
And   for  any  observed   indicationj  or  degree  x\  the  corresponding 
reduced  value  y'  of  the  density,  will  be 

JP 

y  =  sin.  u~     '    '    '    -    '    -    (14), 

As  the  coefficient  of  dilatation  for  solids  is  always  positiTe,  1  ^ 
k*  t  will  be  greater,  and  sin.  u  be,  therefore,  less  Than  unity. 

Hence,  it  follows  that,  for  any  particular  temperature  observed^ 
the  indications  of  the  hydrometer  and  the  corresponding  specific 
gravities  will  be  correctly  represented  by  the  abscissas  f^nA  ordi- 
nates  of  a  hyperbola  referred  to  oblique  asymptotes;  and  the  relio 
of  unity  to  the  (filatation  of  the  hydrometer  will  be  the  sine  of  the 
angle  formed  by  the  asymptotes  with  each  other;  the  power  of  the 
hyperbola  being  also  the  sine  of  this  angle  multiplied  by  the  weight 
of  the  initrument. 

i4.  Although,  in  applying  to  the  decimal  hydrometer  of  article 
38  the  general  conclu^ioiis  derived  from  equation  (8,)  where  the 
origin  of  abscissas  is  the  lower  extremity  of  the  instrument,  itbe- 
comee  necessary  to  introduce  the  fbrmultB  of  transformdtion  of  co- 
ordinates, which  correspond  to  ihe  zero  point  given  by  immersion 
in  distilled  water  of  maximum  density,  as  a  new  origin  of  abscis- 
sas. Yet,  ms  the  values  of  y  remain  unaffected  by  this  change,  and 
as 

x  =  a  — 3C  =100  — a;^, 

is  therefore  tbe  only  formula  of  tiansformation  to  be  introduced  in- 
to the  expressions  to  refer  them  to  the  new  axesj  it  is  more  simple 
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to  omit  the  introduction  of  a — x'  into  our  algebraic  expressions, 
and  merely  substitute  100 — x*,  or  the  arithmetical  complement,  in 
place  of  X,  the  abscissa,  in  the  numerical  value  of  a  formula.  This 
maybe  performed  mentally,  as  exemplified  in  article  41  of  this 
paper, 

45.  Various  hydrometers,  like  that  of  Dycas,  are  adapted  to  li- 
quids of  very  different  specific  gravities  by  the  addition  of  weights* 
which  could  not  be  done  otherwise,  without  making  the  stems  of 
inconvenient  length.  It  is  therefore  requisite  to  give  the  theory 
of  such  instruments;  more  especially  as  the  mechanical  construc- 
tion of  hydrometers  belonging  to  the  decimal  system  should  be  per- 
formed by  varying  their  weights,  and  as  by  use  of  weights  we  may 
combine  the  advantage  of  a  short  stem  with  the  simplicity  and  per- 
fection of  decimal  graduation. 

Suppose,  therefore,  that  we  mark  the  degree  x,  lb  which  the  hy- 
drometer sinks  in  distilled  water  of  maximum  density,  and  that  we 
add  internally  a  known  weight,  which  we  shall  denote  by  w;  then 
will  this  cause  the  hydrometer  to  sink  to  a  degree  marked  x',  for 
which  the  additional  quantity  of  water  displaced  is  equal  to  w  in 
weight,  and  x' — x  is  its  volume  in  degrees.  To  ascertain  the 
value  of  x' — x,  the  weight  p  of  the  hydrometer  must  be  accurately 
determined  by  the  balance,  and  divided  into  any  conventional  num- 
ber of  degrees,  which  number  is  represented  by  n;  then  shall  we 
have,. by  proportion, 

:^(x'  — x)* (15). 

'  p  •  * 

If,  for  example,  we  suppose  the  hydrometer  to  be  of  the  decimal 
system,  n=100,  and  that  it  weighs  500  grains,  then 

ti?  =  5  (x'  —  x). 

If  to  be  taken  successively  equal  to  50,  100,  150,  200.  etc.,  grains 
x'-x  will  become  10®,  20°,  30«,  40®,  etc.;  or,  in  other  words,  the 
additional  portion  of  the  stem  which  the  given  successive  weights 
cause  to  be  immersed  must  be  graduated  into  the  above  correspond- 
ing equal  divisions.  If* we  subtract  instead  of  adding  weights 
then  will  liquation  (15)  still  answer,  by  making  x' — x  negative-  so 
that 

to  =  5  (x  —  x') 
for  hydrometers  of  the  decimal  system. 

46.  Hydrometers  of  the  decimal  system  may  be  constructed  with 
weights,  but  as  each  weight  give?  a  new  modulus  and  a  different 
Ifrigth  to  the  divisions  of  the  scale,  their  stems  must  be  prisms  6f 
as  many-  sides  and  separate  graduated  scales  as  there  are  weights 
employed.  These  scales  should  read  continuously,  so  that  the  de- 
grees will  constitute  a  single  scale. 
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47,  As  the  degrees  of  a  lijdrometerj  to  be  rvadily  absen^en 
should  Doibe  Irss  than  one  twentieth  of  ^ti  inch  inletigth;  tbestefl 
of  the  decitnal  hyilromettr  would  have  the  Jticonvenienl  length  <J 
seven  and  oue-balf  inches;  ati*l  the  instrument  he  both  extremell 
fragiit;  iuhI  urislable  in  its  vertiL-al  position  for  the  lower  degreeJj 
there  are  therefore  practical  difficulties  in  the  way  of  eonstructinl 
anti  usin^  5ueh  an  instrument.  But  in  its  use  it  is  rarely  that  ft  m 
needed  by  the  same  person  to  perform  two  different  offices,  for  eaCT 
employs  it  only  for  a  particular  liquid,  as,  for  inslance,  the  difl 
tiller  for  aleoholie  liquors^  the  brewer  for  malt  solutions,  the  tannj 
for  those  of  bark,  ihe  manQiacturing  chemist  for  acids  and  saltq 
the  sutrar  refiner  for  sirups,  &c,;  hence  it  is  not  only  unnecessary! 
but  irie^cpedicnt,  that  the  scale  of  the  instmment  should  extend  bm 
yond  those  degrees  wbirh  are  requisite  i'or  the  particular  purposJ 
to  which  it  is  ^be  iipplied.  Ami  hydrometers  may  be  made  witfl 
cqursl  fatilHy  ^1  less  expense  of  shorter  stems,  and  of  any  desirefl 
degree  of  sensi^iilily,  the  divisions  of  which  shall  be  comprised 
between  the  Hmiis  of  any  given  degrees  of  the  decimal  systeml 
po&ltive  or  negative,  which  will  best  adapt  tbem  to  their  use*  SucH 
hydioinelers  are  infinitely  preferable  to  a  universal  bydroraeteM 
but  tliat  they  should  form  paris  of  one  general  decimal  system  il 
Tery  desirable.  '  I 

4S.  The  materials  of  which  hydrometers  are  usually  made  ara 
glnss,  silver,  copper,  brass,  and  German  silver.  The  great  econol 
my  of  glas^,  its  peTfcct  cleanliness,  resistance  to  corrosion,  iticfl| 
pabilit)  of  fraudulent  change  of  foim  or  weight,  and  facility  en 
manufacture,  are  qunlilics •possessed  to  the  same  extent  by  no  othei 
known  lubslance*  But  its  fragility  prescribes  limits  to  the  sensiJ 
bility  of  glass  hydrometers;  and  renders  metal  often  prefcrablq 
Still,  glass  instruments  only  should  be  used  id  trade,  unless  fraud! 
can  be  otherwise  prevented  by  appropriate  legislation*  The  exteal 
to  which  abuses  are  committed  by  dealers  in  alcoLolic  liquors  is  b<» 
ileved  to  be  cnormoufi;  and  so  it  may  rcjiiain,  unless  some  meanjj 
be  adopted  to  rem'er  them  impiacticable.  The  use  of  glass  hyj 
dromcters,  correctly  constructed,  and  liable  to  inspection  by  legalf  j 
appointed  persons,  would  preclude  all  fraudulent  sales  of  43 
quors;  and  certainly  while  governments*,  by  slanjjard  weights  attl 
lueafureH'of  length  and  capacity,  prevent  difihoncsty  in  trade  wit« 
respect  to  oihi'r  articles,  they  should  regard  as  worthy  of  theii 
consideration,  and  of  similar  protective  Jegishition,  a  branch  €m 
conjinerce  in  which  the  perptiration  of  crime  seems  to  have  beJ 
come  60  common  as  to  pass  for  superior  sagaeiiyt  Metallic  hydrcJ 
meters  may  easily  be  rendered  ffautlulenl;  indentation?,  to  whicl 
they  arc  ever  viry  liable  by  accident,  operate  in  favor  of  the  dealel 
at^Binst  the  puKTia^er;  and  in  k v)  ing  duty,  they  opcrale  for  thfl 
revenue  3gainsl  the  importer.  Unless  s^ucb  instruments  are  inspecti 
ed,  from  time  to  time,  no  reliance  i^^  therefore  to  be  placed  upol 
tbt^in,  I  nei.d  not,  and  I  should  not^  show  how  hydrometers  arfl 
designedly  rendered  fraudulent,  and  made  to  operate  for  or  again  si 
ihe  purchaser^    one    for    buyingj  another  for  st?llingi     I  will    onljj 
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add,  that  this  is  very  easily  done  for  any  metallic  hydrometer,  hut 
for  glass  instruments  can  be  readily  accomplished  only  by  the  ma- 
kers or  by  practical  chemists.  Copper  hydrometers,  made  by  the 
recently  discovered  electrotype  process,  may  possess  advantages 
OTer  all  others  of  metal.  I  am  told  by  Mr.  Saxton,  the  distinguish- 
ed philosophical  instrument  maker,  now  employed  in  the  fabrication 
of  the  standard  weights  and  measures  of  the  United  States,  and 
whose  skill  is  known  better  perhaps  in  Europe  than  in  this  his  na- 
tive country,  that  hydrometers  could  be  made  by  the  electrotype 
method,  which  would  combine  facility  and  superiority^-of  work- 
manship with  greater  certainty  in  use.  Their  coefficients  of  dilata- 
tion be  also  thinks  would  be  less  variable  than  those  of  wrought 
metal;  but  upon  this  subject  I  beg  leave  to  refer  to  Mr.  Saxton 
himself,  with  the  remark,  however,  that  I  deem  it  highly  import- 
ant that  a  series  of  nice  experiments  should  be  made,  to  determine 
the  coefficient  of  dilatation  and  mechanical  properties  of  electro- 
type copper,  with  a  view  to  this  application.  Metallic  hydrome- 
ters may  and  should  be  gilded  by  electro-gilding  with  gold  or  pla- 
tinum, by  which  they  will  be  rendered  incapable  of  corrosion  by 
liquids  generally,  and  may  perhaps  be  employed  even  for  acids. 

49.  As  the  decimal  system  of  hydrometers,  to  be  of  convenient 
adoption  in  place  of  the  instruments  now  in  use,  and  by  habit  ren- 
dered familiar  to  those  who  employ  them,  should  be  comparable 
with  them  by  even  the  most  ignoran^  workmen,  it  would  be  advisa- 
ble, and  perhaps  necessary,  that  not  only  tables  of  comparison 
should  be  constructed,  but  that  the  stems  should  be  graduated  on 
their  different  sides  to  read  both  the  old  and  the  new  degrees. 
Thus,  by  daily  use,  the  new  and  more  simple  decimal  scale  would 
become  equally  familiar,  and  the  old  scales  would  be  abandoned 
without  perceptible  inconvenience.  Besides,  by  selecting  those 
instruments  which  appear  to  be  of  greatest  accuracy  of  their  par- 
ticular sorts,  they  would,  by  comparison  with  the  decimal  system^ 
be  referred  to  perfectly  rigid  bases  of  construction  as  standards^ 
and  differences  of  whole  degrees  would  no  longer  exist  in  the  in- 
struments employed  and  offered  for  sale  by  the  trade.  Thus  an 
instrument,  having  on  one  side  the  decimal  scale,  should  be  gradu- 
ated to  read  degrees  Beaum^  on  the  other;  and  this  instrument,  re- 
garded simply  as  a  Beaum6's  pese  acide  or  pese-esprit^  would  pos- 
sess the  advantage  over  other  hydrometers  according  to  Beaum^,  of 
being  always  graduated  correctly^  an  advantage  which  certainly 
should  recommend  it  to  use. 

There  are  hydrometers  in  use  which  read  not  specific  gravities, 
nor  divisions  of  an  arbitrary  scale,  but  per  cent,  of  the  substance 
dissolved  which  confers  value  upon  the  solution;  such  are,  for  in- 
stance, the  beautiful  centesimal  alcoholometer  of  M.  Gay  Lussac, 
and  the  saccharometer  of  brewers,  which  read  sometimes  the  num- 
ber of  pounds  of  malt  extract  or  fermentible  matter  in  a  barrel,  and 
sometimes  the  per  cent,  instead.  And  it  is  greatly  to  be  desired 
that  the  use  of  such  instruments  should  become  more  extended;  a 
fcse-siropy  for  example,  might  read  per  cent,  of  sugar  in  solution, 
instead  of  degrees  Beaume,  For  such  instium^uXs,  \.^^  ^^^mA 
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system  of  hydrometry  will  furnish  by  its  degrees  fixed  points  of 
reference,  or  data  of  construction,  which  may  be  more  readily  de- 
termined than  the  corresponding  specific  gravities,  to  which  they 
are  therefore  far  preferable. 

50.  In  conclusion,  it  appears  from  the  preceding  articles  that 
the  greatest  disorder  exists  with  reference  to  the  hydrometers  now 
in  use;  that  they  are  arbitrarily  and  capriciously,  and  may  be  in- 
finitely varied  without  material  advantage,  and  simply  for  the 
commercial  purpose  of  imposing  the  maker's  name  upon  them;  that 
they  are  not  comparable,  because  each  maker  endeavors  to  keep  secret 
the  method  of  construction  he  employs,  and  which  alone  can  ren- 
der the  indications  intelligible;  that,  therefore,  if  broken,  they 
often  cannot  readily  be  replaced;  that  they  are  generally  inaccu- 
rate, and  often  fraudulently  employed;  that  they  may  very  easily  be 
rendered  fraudulent,  if  accurate;  that,  as  the  division  of  the  scale  of 
the  hydrometer  is  arbitrary,  it  should  be  decimal;  that  this  decimal 
scale  should,  as  some  liquid  must  be  employed,  be  referred  to 
water,  distilled  that  it  may  be  pure,  and  at  its  maximum  density, 
because  that  density  is  practically  stationary;  that  there  should  be 
a  single  uniform  scale  of  100  degrees  for  liquids  lighter  than  water, 
and  100  degrees  for  liquids  heavier  than  water;  that  glass  hydrome- 
ters cannot  readily  be  rendered  fraudulent,  except  by  their  makers; 
that  hydrometers  of  the  decimal  scale  may  be  constructed  of  metal, 
with  or  without  weights;  that  they  are  readily  graduated  by  the 
use  of  weights;  that,  by  graduating  hydrometers  to  read  old  estab- 
lished scales  on  one  side  of  the  stem,  and  degrees  of  the  decimal 
scale  on  the  other,  excellent  instruments  of  the  old  divisions  will 
replace  the  inaccurate  ones  now  in  use,  and  even  the  most  igno- 
rant  workmen  will  readily  adopt  and  insensibly  acquire  the  habit  of 
using  the  simpler  decimal  hydrometer;  that  it  is,  therefore,  highly 
desirable,  and  worthy  of  the  government  of  a  country  like  our  own, 
to  regulate  the  use  of  hydrometers  in  commerce,  and  establish  a 
uniform,  exact,  and  invariable  system,  by  authority  of  law,  and  that 
such  a  system  is  afforded  in  the  decimal  system  proposed. 

If  the  government  should  see  fit  to  adopt  a  decimal  system  of 
hydrometry,  it  will  be  requisite  that  standard  instruments  be  con- 
structed, both  in  glass  and  metal;  and  I  shall,  therefore,  now  give 
practical  directions,  which  it  would  be  necessary  to  observe  in 
making  such  hydrometers.  But  from  standard  instruments  others 
may  be  made  by  tradesmen  at  less  trouble  and  at  less  expense,  as 
thermometers  are  now  graduated  by  comparison  with  a  standard. 

Method  of  manufacture  to  he  observed  by  instrument  makers^  in  the 
construction  of  standard  decimal  hydrometers. 

r  51.  We  suppose  the  bulb  and  stem  to  have  been  fashioned,  and 
the  instrument  ready  to  receive  its  counterpoise  and  graduated 
scale.  Care  should  be  taken  that  the  instrument  be  constructed 
symmetrically  about  its  axis,  to  prevent  its  leaning  when  but 
slightly  immersed.  If  it  be  intended  for  liquids  lighter  than  water, 
add  weight  internally  until  when  immersed  in  recently  distilled 
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water  at  the  temperature  of  maximum  density,  4^  centigrade,  or 
39^^  Fahrenheit,  it  sinks  to  the  bottom  of  the  stem;  the  degree  it 
marks  will  be  the  zero  point  of  the  hydrometer.  If,  however,  the 
hydrometer  be  intended  for  fluids  heavier  than  water,  then  must 
its  counterpoise  cause  it  to  sink  to  the  top  of  the  stem  in  distilled 
water  of  4°  centigrade,  as  a  zero  point. 

Weigh  the  hydrometer  and  its  counterpoise  accurately  by  means 
of  a  delicate  balance,  and  it  will  greatly  simplify  the  graduation,  if 
the  hydrometer  and  counterpoise  be  made  to  weigh  in  grains  one 
of  the  round  numbers  100,  200,  300,  400,  etc.,  which  may  easily  be 
done;  then  divide  this  weight  by  100,  the  quotient  will  be  the  num- 
ber of  grains  which  will  sink  the  hydrometer  one  degree  of  its  scale. 
If,  for  instance,  the  hydrometer  weighs  500  grains,  then  will  5 
grains  be  the  weight  to  be  added  or  subtracted  to  cause  it  to  sink 
or  rise  one  degree;  10  grains  will  give  2®;  15  grains  3^;  50  grains 
10^;  and  so  on  to  500  grains  for  100°,  or  as  far  as  the  length  of  the 
stem  will  admit  of  the  extension  of  its  scale.  These  weights  must 
be  added  to  hydrometers  internally^  or  at  the  top  of  the  stem^  if 
they  are  to  be  used  for  liquids  lighter  than  water,  and  subtracted 
from  those  designed  for  liquids  heavier  than  water. 

If  the  hydrometer  be  of  glass,  weights  may  easily  be  added  or 
subtracted  by  leaving  the  stem  open  at  the  top  before  it  is  gradu- 
ated. A  finely  graduated  slip  of  paper,  of  exactly  the  same  weight 
as  that  intended  to  receive  the  degrees  of  the  scale,,  will  serve  to 
mark  the  depths  to  which  different  weights  cause  the  hydrometer 
to  be  immersed.  After  these  depths  are  determined,  the  weights 
being  restored  to  that  of  the  modulus,  the  scale  is  divided  and  fixed 
within  the  stem  in  its  proper  position,  and  the  top  is  then  hermeti- 
cally sealed. 

For  metallic  instruments,  this  may  be  accomplished  by  counter- 

{»oises,  of  different  weights,  but  precisely  equal  volumes;  or  a  hol- 
ow  counterpoise  may  receive  internally  weights  of  different  amount. 
It  is  necessary  in  all  cases  that' the  volume  of  the  bulb  and  coun- 
terpoise should  be  constantly  the  same. 

By  attaching  the  hydrometer  by  means  of  a  silk  worm's  fibre,  or 
a  human  hair,  to  the  arm  of  a  delicate  balance,  weights  of  any  de- 
sired value  may  be  easily  subtracted  from  it,  with  greater  accuracy 
and  convenience  than  by  any  other  method. 

If  the  stem  of  a  hydrometer  be  very  fine,  the  ratio  of  the  capacity 
of  the  bulb  to  the  stem  will  be  very  great,  and  the  instrument  will 
possess  extreme  sensibility. 

In  reading  off  the  degrees,  or  marking  the  depths  to  which  the 
instrument  sinks,  capillary  attraction  will  cause  an  elevation  of  the 
liquid  about  the  stem.  This  may  be  prevented  by  an  extremely 
thin  film  of  oil. 

52.  As  degrees  of  the  hydrometer  are  measured  by  equal  volumes 
of  water  displaced,  it  is  essential  that  the  stem  be  of  uniform  diam- 
eter throughout,  or  that  any  want  of  such  uniformity  be  corrected 
in  the  graduation.  To  ascertain  whether  it  be  regular,  the  method 
suggested  by  M.  Francc&ur  i»  vety  accurate  aii4  cou^eTi\«tL\.\  ^x\^ 
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a  fine  thread  evenly  and  closely  round  the  stem  a  certain  number  of 
timeS)  say  one  hundred^  at  different  places;  the  measure  of  the 
length  of  the  thread  required  will  give  the  circumference,  if  divided 
by  the  number  of  its  wrappings.  If  the  diameter  be  found  to  differ 
but  slightly,  then  may  its  variation  be  rendered  practically  inap- 
preciable by  graduating  the  stem  in  portions,  as  is  done  for  ther- 
mometers the  tubes  of  which  vary  slightly  in  their  bore  at  different 
places. 

53.  To  graduate  a  hydrometer  of  known  weight,  which  shall  be 
without  the  degrees  between  zero  and  any  desired  division  of  the 
decimal  scale.  Jet  it  be  of  such  weight  that  it  will  sink  entirely  in 
water,  if  for  a  heavier  liquid,  or  so  that  its  bulb  may  not  be  wholly 
submerged,  if  for  lighter  liquids;  then  add  or  subtract  weights  for 
two  successive  divisions,  as  described  in  article  61,  and  graduate 
the  interval  between  into  the  proper  corresponding  number  of  de- 
grees or  equal  fractional  parts.  Such  hydrometers  are  very  gen- 
erally employed  in  the  arts;  for  the  degrees  near  to  zero,  or  that 
of  water,,  are  rarely  of  any  use,  and  only  increase  the  length  of 
the  stem  inconveniently. 

64.  To  construct  hydrometers  with  weights,  consider  the  instru- 
ment and  additional  weight  as  a  new  modu/t^,  divide  the  sum  by 
100  for  the  weight  corresponding  to  a  degree,  and  graduate  for 
such  degrees  a  new  scale  on  a  di&rent  side  of  the  stem.  A  single 
scale  wUl  not  therefore  serve  for  various  weights.  These  weights 
cannot  be  immersed  if  of  different  size  without  producing  changes 
of  volume  by  the  water  they  displace,  thus  affecting  the  position 
of  the  zero  point;  hence  they  should  be  added  either  internally  or 
at  the  top  of  the  stem;  or  the  counterpoise  may  vary  in  weight,, 
while  its  volume  should  be  constant. 

55.  To  construct  cheap  and  sufficiently  exact  hydrometers  for 
the  trade,  use  two  different  liquids,  corresponding  to  the  desired 
divisions  of  the  decimal  scale,  prepared  by  means  of  a  standard 
hydrometer;  and  having  examined  the  uniformity  of  the  diameter 
of  the  stem  graduate  the  interval  between  the  points  to  which 
they  sink  into  the  proper  number  of  divisions. 


Description  of  the  principal  hydrometers  now  or  formerly  in  use. 

56.  In  this  section  I  shall  give  an  account  only  of  those  instru- 
ments which  have  been  generally  adopted,  and  therefore  are  best 
known  in  France,  England,  Germany,  and  our  own  country,  re- 
serving other  and  comparatively  less  familiar  hydrometers  to  be 
discussed  hereafter.  The  pese-acide  and  pese-esprit  of  Beaum^  are 
so  commonly  found  in  the  workshops  of  all  the  above-mentioned 
countries,  that  they  deserve  our  first  attention. 
^7.  JBiaumi^s  AydrQmit€r$.'-Fi)x  fluids  lighter  than  water,  Beau- 
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n^  invented  his  p^st-tsprit  {hydrometer  for  spirits;  Branntexoein^ 
MtsstTf  Germ.)  and  for  fluids  heavier  than  water,  a  single  instru* 
ment,  called,  with  reference  to  its  particular  applications,  by  the 
different  names  of  pdse-acide^  ptse-sel^  or  pise-sirop^  {acidj  salt^  or 
strop  measure;  and  S&uremesserj  Salzspindel^  or  Zuckermesser^ 
Oerm.)  These  instruments  are  entirely  distinct,  and  form  no  part 
of  a  common  system,  for  they  are  constructed  on  different  bases. 
The  degrees  of  one  are  not  equal  to  those  of  the  other;  and  the 
zero  point,  which  is  determined  for  the  pise-esprit  by  a  solution 
containing  ten  per  cent,  of  common  salt,  corresponds  m  the  p^se* 
acide  to  the  density  of  pure  water.  Hence  we  shall  treat  of  these 
instruments  separately. 

The  p^se-esprit  is  constructed  by  immersion  in  a  solution  of 
common  salt,  containing,  as  already  stated,  ten  per  cent.,  to  obtain 
the  zero  point;  then  by  plunging  it  into  water  to  determine  another 
point,  which  Beaum6  calls  10°;  the  interval  is  graduated  equally, 
and  the  scale  extended  by  laying  off,  repeatedly,  with  a  pair  of 
dividers,  the  same  interval  upon  the  stem. 

The  zero  point  of  the  p^se-acide  is  given  by  the  surface  of  the 
distilled  water  in  which  it  floats.  Immersion  in  a  solution  con- 
taining 15  per  cent,  of  common  salt  fixes  the  point  which  is  to  be 
marked  15^  upon  the  scale.  And  degrees  beyond  15^  are  deter- 
mined by  the  same  process  of  extension  employed  for  the  pese^ 
esprit. 

It  might  at  first  be  supposed  that  the  degrees  of  these  instru- 
ments would  constitute  parts  of  a  common  scale;  but  the  densities 
of  two  solutions  of  common  salt  containing,  one  10,  and  the  other 
15  per  cent.,  will  not  be  such  as  to  correspond  to  equal  degrees  10^ 
and  15^  reckoned  from  water  as  a  common  origin;  and,  therefore, 
Beaume's  hydrometers  belong  to  different  scales. 

It  is  a  great  and  fundamental  defect  of  these  instruments,  that 
their  scales  are  constructed  by  the  multiplication  of  a  unit  of 
length;  for  workmen  generally  commit  an  error  in  determining  the 
iixed  points,  on  account  of  the  elevation  of  the  liquid  upon  the 
stem  by  capillary  attraction;  and  this  error  becomes  multiplied  by 
each  successive  repetition.  Hence  it  is  easy  to  perceive  the  reason 
why  Beaume's  hydrometers,  constructed  by  the  same  person,  and 
with  equal  care,  often  differ  whole  degrees  from  each  other,  when 
plunged  into  the  same  liquid.  This  fault  is  the  more  important,  as 
it  affects  principally  those  degrees  which  are  most  used.  In  hy- 
drometers of  the  decimal  system,  discussed  in  the  preceding  sec- 
tions of  this  report,  the  graduation  is  performed  by  the  subdivision 
of  a  multiple;  and,  therefore,  any  error  which  unavoidably  occurs 
in  measuring  the  fixed  points  will  be  diminished  in  the  ratio  of  the 
number  of  divisions  of  the  interval  between  them,  which  certainly 
constitutes  a  great  advantage,  and  renders  accuracy  of  workman- 
ship almost  certain. 

Another  defect  of  the  process  of  Beaum6  for  graduating  hydrom- 
eters is,  thfit  common  salt  generally  contains  impurities;  and  to 
obtain  it,  therefore,  perfectly  pure,  is  impracticable,  without  a  de- 
gree of  chemical  knowledge  which  instrument  m^^ei!^  t^x^^  "^^v 
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sesB.  And  even  if  pure  salt  be  obtained,  and  the  solutions  be  pro^ 
perly  mixed,  they  are  liable  to  evaporation,  which  will  alter  their 
proportions  and  density. 

The  uncertainty  of  the  indications  of  these  hydrometers  is  es- 
tablished by  the  fact  that  tables  of  comparison  with  the  corres- 
ponding specific  gravities  have  been  experimentally  constructed  by 
several  distinguished  scientific  men,  which  all  vary  from  each 
other,  owing  doubtless  to  the  difference  of  the  hydrometers  used. 
Tables  lY,  and  V,  give  the  results  obtained  by  those  whose  names 
are  above  the  vertical  columns. 

Yet  the  hydrometers  of  Beaum^,  by  possessing  the  advantages  of 
simplicity,  cheapness,  cleanliness,  and  adaptation  to  the  liquids  for 
which  they  are  used — solutions  of  salts,  sirups,  acids,  etc. — and 
being  founded  upon  known  and  easy  bases  of  construction,  so  that 
they  may  be  made  by  any  workman,  have  passed  into  use,  notwith- 
standing the  well  known  imperfections  I  have  mentioned,  and  to 
an  extent  exceeding  that  of  any  other  hydrometer. 

This  would  be  surprising,  but  for  the  striking  contrast  of  the 
advantages  mentioned,  with  the  correlative  disadvantages  of  com- 
plicated structure,  high  cost,  liability  to  corrosion,  limited  applica- 
tion, and  patented  or  secret  methods  of  construction,  rendering 
their  manufacture  a  monopoly,  which  have  justly  confined  other 
instruments  to  particular  countries  or  cities.  And  here  it  may  be 
proper  to  remark,  that  in  our  country,  as  well  as  in  England  and 
France,  the  government,  by  peculiar  legislation,  has  rendered  the 
manufacture  of  hydrometers  for  the  revenue  a  monopoly,  and  that 
the  person  who  long  enjoyed  this  exclusive  privilege  was  the  late 
Mr.  Dycas,  of  Liverpool,  England,  whose  hydrometer  is  established 
by  law  as  that  to  be  used  in  the  United  States  for  determining  the 
strength  of  spirits.  Certainly  our  own  mechanics,  if  any,  should 
enjoy  such  privileges.  The  States  of  Pennsylvania  and  Maryland, 
also,  have,  by  statute,  adopted  ^'Dycas's  Patent  Liverpool  Hydrom- 
eter" as  their  standard,  and  so  most  probably  have  other  States. 

58.  Now,  an  instrument  "which  may  be  accurately,  easily,  and 
cheaply  made  by  any  workman,  is  certainly  of  a  nature  which 
should  recommend  itself  in  a  republican  government.  And  the 
decimal  hydrometer,  which  combines  all  the  advantages  of  the  in^ 
struments  of  Beaum^,  with  a  freedom  from  their  defects,  and  the 
superiority  of  being  founded  upon  bases  which  nature  everywhere 
presents,  in  which  there  is  nothing  arbitrary  but  the  system  of 
counting  by  tens,  instead  of  any  other  numbers,  and  the  degrees 
of  which  are  converted  into  specific  gravities  by  a  rule  so  simple 
that  it  may  be  performed  mentally,  should  certainly  be  adopted, 
both  by  our  government  and  its  citizens. 

And,  as  I  have  already  stated,  by  adopting  that  scale  for  Beau- 
m^^s  hydrometer,  which  seems  best  entitled  to  credit  for  exactness, 
and  drawing  it  upon  the  same  slip  of  paper  with  the  correspond- 
ing degrees  of  the  decimal  system,  instruments  may  be  furnished 
by  tradesmen  which  will  always  be  accurate,  if  regarded  simply  as 
jf^seesprits  or  pese-acides^  of  Beaum6.     And  they  will  cost  only 
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the  additional   labor  requisite  to  draw  two  scales  upon  the  same 
paper  inatead  of  one. 

59.  To  obtain  the  modulus  and  a  formula  for  converting  degrees 
of  the  hydrometers  of  Beaum^  into  specific  grarities,  we  must  sub* 
stitute  for  y  the  values  given  by  the  solutions  of  salt^  and  by  dis* 
tilled,  water,  in  our  fundamental  equation  (8.)  Now,  MM.  Fran- 
ccear  and  Dulong  have  given,  as  the  result  of  very  careful  experi- 
ments, y  =  1.0735  for  the  solution  of  10  per  cent.,  and  y  =  1.109i 
for  the  15  per  cent,  solution. 

Hence,  for  the  pise-espritj 

p=:x for  water; 

p  s=  1.0735  x',  -  -  for  the  saline  solution; 
and  X  —  x'  =  10°. 

Hence  we  have 

10.735 

=  146©    ....     (16.) 


0.0735 


Therefore, 


p  146 

y==  —  becomes  y  = ..-.--     (17), 

X,  136 +  x" 

In  the  denominator,  we  substitute  136,  because  the  zero  point  is 
10  degrees  below  that  of  water. 

And  for  the  pise-acide^ 

p  =  x in  water, 

p  =  1.1094  x'   -  -  in  the  saline  solution; 
and  X  — x'  =  15^. 

Hence  we  obtain 


0.1094 


(18). 


p            152 
and  y  =  — = (19). 

X       152  —  x" 

In  the  preceding  equations,  x"  denotes  the  indication  of  the  scale 
for  which  y  is  the  corresponding  specific  gravity.  From  these  for- 
mulas, (17)  and  (19^)  tables  of  comparison  wixh  ^i^^civ^^  %tv^\Mv«ik 
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may  be  calculated,  possessing  far  greater  accuracy  than   any  ob- 
tained experimentally  with   the  instruments  to  be  found  in  shops; 
and  such  tables  would  serve  to  fix  the  standard  scale  for  Beaum^, 
which  should  accompany  some  of  the  hydrometers  of  the  decimal* 
system. 

60.  But  as  the  degrees  of  the  hydrometers  are  merely  the  frac- 
tional parts  into  which  the  modulus  is  divided,  it  follows  from 
equations  (16)  and  (18,)  that,  to  convert  degrees  of  the  decimal 
system  into  degrees  Beaume,  every  100  degrees  decimal  are  equiv- 
alent to  146  Beaume,  for  the  p^se-esprit.  Hence  we  have  the  rule: 
multiply  by  146,  and  divide  the  product  by  100,  then  add  10  for  the 
difference  of  the  zero-points. 

And  for  the  pese-acide^  to  reduce  decimal  degrees  to  Beaum^, 
multiply  by  152  and  divide  by  100.     The  zero  point  is  the  same. 

These  operations  are  reversed  when  we  desire  to  convert  degrees 
Beaum6  into  decimal  degrees. 

61.  Cartierh  hydrometer^  {^pese- esprit.)  This  instrument  would 
scarcely  deserve  notice,  were  it  not  for  the  fact  that  it  was  em- 
ployed by  the  French  government  for  a  long  time  in  levying  duties 
before  the  centesimal  alcoholometer  of  Gay  Lussac  was  brought 
forward.  Cartier,  a  goldsmith  of  Paris,  was  employed  by  Beaum^ 
to  make  metallic  hydrometers.  Brisson,  by  his  influence,  was  en- 
abled to  prevent  the  use  of  Beaum6's  hydrometer,  though  unable 
to  supplant  it  with  his  own,  reading  specific  gravities.  Cartier 
divided  the  scale  of  Beaum6's  instrument,  so  that  every  16  degrees 
Beaum6  should  be  equal  to  15  degrees  Cartier.  This  robbery  was 
not  only  tolerated,  but  the  government  even  sanctioned  it  by  the 
adoption  of  Cartier's  instrument.  According  to  M.  Francoeur,  the 
22d  degree   coincides  on  both   scales;  hence  we  have   the  equation 

(22  ±  16)B  =  (22±  15)  C; 

which  will  enable  us  readily  to  convert  indications  of  Beaum6  into 
those  of  Cartier  and  vice  versa. 

As  the  bases  of  construction  of  Cartier's  hydrometer  were  kept 
secret,  the  instrument,  founded  upon  no  established  data,  varied  so 
that  it  became  different  from  what  it  was  at  first.  M.  Gay  Lussac 
found  for  several  silver  hydrometers  submitted  to  his  examination 
by  the  Directeur  des  Contributions  indirectesy  that,  as  Beaum^  had 
stated,  29  degrees  Cartier  correspond  to  31  of  Beaum6.  Yet  these 
hydrometers  differ  from  those  used  by  the  government  in  the  reve- 
nue. 

62.  The  centesimal  alcoholometer  of  M.  Gay  Lussac, — In  the 
little  book*  of  tables  and  instructions  which  accompanies  this 
simple  and  beautiful  instrument,  it  is  so  briefly  and  clearly  explained 


'   *'*In8tniction  pour  riuage  de  rAlcoomdtre  Ceat^simale  ct  des  tables  qui  raceompagneflC 
/^M.  Oajr  LiuaMc/'  Pum,  1824. 
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tbat  I  will  employ  the  language  of  M.  Gay  Lussac,  literally  trans- 
lated iDstead  of  giving  its  description  at  second  hand: 

''The  spirituous  liquors  known  in  commerce  as  ardent  spirits  are 
nixtarea  in  various  proportions  of  water  and  perfectly  piire  alcohol; 
Their  value,  therefore,  generally  depends  upon  the  quantity  of  aK 
cohol  that  eaeh  contains.  To  determine  this  quantity  of  alcohol, 
I  take  pure  alcohol  by  volume,  at  the  temperature  of  15^  centigrade, 
(59^  Fahrenheit,)  as  a  term  of  comparison,  and  I  represent  its 
strength  by  100  per  cent,^  or  unity.  Hence,  the  strength  of  a  liquor 
is  the  per  cent.j  by  volumey  of  pure  alcohol  which  it  contains  at  the 
temperature  of  \b^  centigrade* 

'^The  instrument  which  I  call  the  centesimal  alcoholometer  is, 
with  respect  to  its  form,  an  ordinary  hydrometer.  It  is  gradu- 
ated at  the  temperature  of  15^  centigrade.  Its  scale  is  divided  into 
100  parts,  or  degrees,  of  which  each  represents  a  per  cent,  of  al- 
cohol; the  degree  0  corresponds  to  pure  water,  and  the  division  100 
to  alcohol.  Plunged  into  a  spirituous  liquor  at  the  temperature  of 
15^  centigrade,  it  indicates  at  once  its  strength.  For  example,  if 
in  brandy  at  the  temperature  of  15^  it  sinks  to  the  division  of  50, 
it  shows  that  its  strength  is  50  per  cent.;  that  is  to  say,  the  brandy 
contains  50  per  cent,  of  its  volume  of  pure  alcohol. 

''When  the  liquor  is  not  of  the  temperature  of  15^,  a  portion  is 
brought  to  that  temperature,  either  by  warming  it  with  the  hand,  or 
cooling  it  by  immersion  in  cold  water;  but  it  will  be  both  more 
convenient  and  more  exact  to  employ  the  tables  of  corection  given." 

This  instrument  of  M.  Gay  Lussac  is  so  perfectly  simple,  and 
so  admirably  adapted  to  the  use  for  which  it  is  designed,  that  it 
could  not  fail  to  be  of  the  greatest  service  to  commerce,  if  it  should 
be  adopted  in  place  of  the  complicated,  uncertain,  and  almost 
unintelligible  hydrometers  of  SIkes,  Dycas,  and  others.     The  sim- 

flicity  of  his  hydrometer  renders  its  cost  comparatively  trifling, 
t  may  be  constructed  of  glass  or  metal.  It  is  this  instrument 
which,  at  present,  I  feel  inclined  to  recommend  to  the  use  of  our 
government;  before  deciding,  however,  the  opinions  of  persons  en* 
gaged  in  the  manufacture  and  sale  of  spirituous  liquors  should  be 
consulted  and  carefully  considered,  and  certain  experiments  should 
be  performed,  which  would  furnish  full  and  complete  information 
upon  every  important  point  connected  with  its  theory,  that  instruc- 
tions may  be  given  for  its  construction,  which  has  been  kept  secret 
for  commercial  purposes,  and  which  instructions  should  be  so  simple 
that  any  good  workman  may  comprehend  and  carry  them  into  effect. 
Their  manufacture  may  then  be  carried  on  by  our  own  mechanics. 
At  present,  the  alcoholometer  of  Gay  Lussac  may  be  purchased 
in  our  large  cities  of  persons  who  import  it  from  France;  and,  on 
account  of  its  superiority  and  low  price,  it  deserves  the  attention 
of  distillers  and  dealers  in  spirituous  liquors.  In  the  Dictionary  of 
Arts  and  Manufactures,  by  Dr.  Ure,  (article  Alcohol,)  and  the 
valuable  Encyclapedia  of  Chemistry  of  Messrs.  Booth  and  Boye, 
(article  Alcoholometry,)  will  also  be  found  the  tables  of  correction 
for  temperature  given  by  M.  Gay  Lussac. 
The  government  of  Sweden  haS|  at   the  recommend^lvoii^W^^^ 
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lievey  of  the  celebrated  Berzelius,  adopted  the  centesimal  alcoho- 
lometer. In  Prassia  and  Austria,  similar  instruments  by  Tralles  and 
Meissner  have  been  established  by  the  authority  of  law.  Whether 
other  countries  employ  it,  I  have  not  at  present  sources  of  infor- 
mation at  command. 

As  the  theory  of  this  instrument  will  probably  be  discussed  fully 
in  a  subsequent  report,  and  after  the  above-mentioned  experiments 
shall  have  been  performed,  I  pass  to  the  description  and  discus- 
sion of  English  hydrometers. 

British  hydrometers. 

• 

63.  Of  perhaps  fifty  different  instruments  which  have  been  used 
in  England,  I  shall  describe  but  few,  and  discuss  only  those  of  Dy- 
cas  and  Sikes.  The  first,  because  it  is  adopted  by  act  of  Congress 
approved  August  10,  1790,  as  the  hydrometer  to  be  used  in  levying 
duties  in  the  United  States;  and  the  second,  because  it  is  employ- 
ed in  the  revenue  of  Great  Britain;  both  of  which  hydrometers 
are,  however,  exceedingly  complicated,  and  therefore  very  uncer- 
tain and  imperfect. 

64.  darkens  hydrometer. — This  is  the  oldest  hydrometer  estab- 
lished by  law  for  the  British  government;  it  is  particularly  des- 
cribed by  its  inventor  in  the  Philosophical  Transactions  of  the 
Royal  Society  for  the  year  1730;  and  at  that  early  day,  when  exact 
knowledge  of  the  dilatation  of  alcohol  and  of  metals  had  not  been 
obtained  by  experiment,  the  correction  for  temperature  supplied  by 
this  instrument,  though  very  imperfect,  constituted  a  decided  su- 
periority over  other  hydrometers  in  use.  The  instrument  before 
me  was  intrusted  to  the  Office  of  Weights  and  Measures  by  the 
Treasury  Department,  No.  11,679,  made  of  copper  by  the  hydro- 
meter makers  to  his  Majesty's  hor^orable  Board  of  Excise.  The 
bulb  is  about  one  inch  in  diameter;  the  stem  very  slender,  and  flat, 
having  the  proof  point  marked  by  an  inlaid  silver  bead,  above  and 
below  which  it  is  graduated  from  one  to  ten;  it  is  accompanied  by 
thirty-two  weights,  to  adapt  it  to  liquors  of  different  density;  and 
eleven  weights  for  temperature,  marked  successively  from  32^  to 
80^  Fahrenheit,  "very  coldj  colder^  cold^  coldish^  temperate^  warm- 
ishy  rvarmy  warmer^  hoty  hotter^  very  hoty^^  which  adjectives  are  de- 
fined by  corresponding  degrees  upon  the  scale  of  the  accompanying 
thermometer. 

65.  The  importance  of  a  correction  for  temperature  will  be  felt, 
if  it  be  borne  in  mind  that  the  change  of  bulk  of  spirit  containing 
50  per  cent  of  alcohol  is  such  that  there  is  a  difference  of  two  gal- 
lons and  a  half  in  every  hundred,  according  to  the  experiments  of 
Oilpin,  produced  by  a  variation  of  temperature  from  32^  to  80^ 
Fahrenheit,  which  for  our  purposes  may  be  considered  as  the  tem- 
peratures of  summer  and  winter  for  the  mean  climate  of  the  United 
States.  The  rise  and  fall  of  the  liquid  in  the  tube  of  a  thermome- 
ter is  a  familiar  instance  of  this  change  of  volume  by  variation  of 

tewperMture. 
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66.  The  system  of  describing  the  strength  of  liquors  correspond- 
ing to  Clarke's  hydrometer,  and  given  by  numbers  engraved  upoa 
the  weights,  was  as  follows:  For  spirits  ever  proofs  I  to  2j  1  ^o3, 1 
to  4,  fcc.|  implied  one  gallon  of  water  must  be  mixed  with  two, 
three,  four,  etc.|  respectively,  of  liquor,  to  reduce  it  to  proof.  And 
for  spirits  under  proof  j  1  in  2,  1  tn  3,  1  in  4,  etc.,  denoted  that 
one  gallon  of  water  taken  from  2,  3,  4,  etc.,  would  reduce  the  li** 
quors  to  proof  spirit. 

Bj  act  of  parliament,  1762,  the  specific  gravity  of  proof  spirit 
was  established  as  0.916  at  60^  Fahr.  But  the  proof  spirit  of 
Clarke's  hydrometer  was  in  error  0.004,  as  shown  by  the  following 
table  of  Lowitz  for  the  indications  of  that  instrument: 


Hydrometer. 

Sp.  grafity. 

Hydrometer. 

Sp.  gravity. 

1  in  2 
1  in  5 
1  in  10 
1  in  15 
1  in  20 
Proof 

0.9644 
0.9424 
0.9320 
0.9280 
0.9265 
0.9200 

'  1  to  20 
l^to  15 
1  to  10 
1  to  5 
1   to  2 
Alcohol 

0.9162 
0.9135 
0.9107 
0.8961 
0.8590 
0.8338 

By  subsequent  act  of  Parliament,  the  proofs  of  Clarke's  hydro- 
meter were  fixed  relatively  to  those  of  Sikes's  hydrometer,  as  fol- 
lows: 


ClarMt, 

One  to  nine  over  proof 
One  to  ten  over  proof 
One  in  eight  under  proof 
One  in  six  under  proof 
One  in  five  under  proof 


=  nine  per  cent,  above  proof. 
=  seven  per  cent,  above  proof. 
=  thirteen  per  cent,  under  proof. 
=B   seventeen  per  cent,  under  proof. 
=  twenty-two  per  cent,  under  proof. 


The  duties  were  charged  only  upon  proof  spirit,  and  a  calcula- 
tion had  to  be  made,  to  ascertain  the  quantity  thereof  contained  in 
any  liquor. 

'  67.  Owingto  the  imperfections  of  Clarke's  hydrometer,  it  was  aban- 
doned, and  Jones's,  Quin's,  Dycas's,  Speers's,  Atkins's,  and  Sikes's 
hydrometers  came  successively  into  use.  The  first  three  of  these 
were  substantially  the  same  as  Clarke's  and  may  be  considered 
simply  as  improvements  rendered  necessary  by  its  faults,  and  per- 
formed but  imperfectly,  for  \^'ant  of  thorough   knowledge. 

I  shall  describe  Dycas's  hydrometer  among  those  of  the  United 
States;  but  it  were  useless  to  give  a  detailed  account  of  the  instru- 
ments which  went  into  disuse  when  the  government  of  Great 
Britain  adopted  the  hydrometer  of  Sikes,  and  which  seem  to  have 
been  contrived  to  suit  the  system  of  proofs  established  in  trade  by 
the  use  of  Clarke's  hydrometer,  and  therefore  to  have  produced  no 
permanent  and  material  effect  upon  the  practice  of  that  govern- 
ment. Besides,  as  these  hydrometers  possess  no  superiority,  they 
are  therefore  objects  of  curiosity  rather  than  of  scientific  consid- 
eration. 
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68.  In  consequence  of  the  confusion  and  want  of  certain  know- 
ledge with  which  the  subject  of  hydrometers  seemed  to  be  invested, 
the  British  gorernment  applied  to  the  Ro]ral  Society;  at  the  recom- 
mendation of  which,  a  laborious  and  accurate  series  of  researches 
were  undertaken  and  performed  by  Sir  Charles  Blagden  and  Mr. 
Gilpin;  the  results  ef  which  were  published  in  full  in  the  trans- 
actions of  that  society  for  the  years  1790,  1792,  and  1794.  The 
accuracy  and  fidelity  with  which  this  task  was  performed,  and  the 
refinement  of  the  methods  employed,  entitles  these  researches  to 
all  the  admiration  and  praise  that  has  been  so  liberally  bestowed 
upon  them  by  those  who  have  taken  the  pains  to  examine  them; 
and  it  would  perhaps  be  but  justice  to  say,  that  they  would  do 
honor  to  the  more  refined  science  of  our  day,  when  the  art  of 
philosophical  instrument  making  has  been  carried  to  a  degree  of 
perfection  which  is  indeed  wonderful,  and  tho  sister  art  of  experi- 
menting has  become  a  calling  w.hich  can  be  learned  only  by  serv- 
ing an  apprenticeship  under  a  skilful  and  experienced  master. 

It  is  a  fact,  strange  and  unaccountable  as  it  may  appear,  that 
though  Messrs.  Gilpin  and  Blagden  performed  their  ta«k  in  a  man- 
ner which  could  not  have  been  surpassed,  and  obtained  all  the  io- 
formation  requisite  to  furnish  a  perfect  instrument  and  system  of 
inspection  for  spirits,  the  British  government  neglected  to  apply 
the  knowledge  obtained  to  its  legitimate  object.  And,  twenty 
years  afterwards,  the  complicated,  imperfect,  and  uncertain  hy- 
drometer of  Sikes  was  established  by  law  as  that  to  be  used  in  the 
revenue  of  the  United  Kingdom;  though  its  basis  and  method  of 
<;onstruction  are  to  a  great  extent  arbitrary,  and  seem  to  have  been 
kept  secret  by  its  inventor,  perhaps  for  purposes  of  personal  emolu- 
ment. 

In  Prussia,  however,  the  labors  of  Messrs.  Blagden  and  Gilpin 
produced  better  fruit;  for  they  were  there  employed  by  Tralles, 
who  founded  upon  them  his  centesimal  alcoholometer^  and  method 
of  levying  duties  by  per  cent,  of  alcohol.  These  were  adopted 
by  the  Prussian  government;  and  they  differ  in  no  material  respect 
from  the  similar  system  established  at  the  suggestion  of  M.  Gay 
Lussac  by  the  government  of  France. 

Nor  was  this  action  of  the  British  government  owing  to  any 
want  of  proper  instruction  on  the  part  of  Messrs.  Blagden  and 
Gilpin;  for  in  his  report  Mr.  Blagden  remarks,*  after  speaking  of 
the  requisite  points  of  attention  to  render  a  hydrometer  adapted  to 
the  purpose:  ^^I  am  still  of  the  opinion  that  the  best  way  of  laying 
the  duty  would  be  directly  on  the  quantity  of  alcohol  contained  in 
any  composition."  He  then  proceeds  to  show  how  tables  ma^  be 
constructed  for  this  object  for  each  temperature  and  indicatioui 
which  will  give  a  ^^decimal  multiplier;"  which  use  of  a  decimal  mul- 
tiplier, the  ratio  of  the  alcohol  to  the  whole  mixture,  is  no  other 
than  the  method  of  per  cent,  by  volume  of  Tralles  and  Gay  Lus- 
sac, so  highly  esteemed,  in  the  commerce  of  their  respective  coun- 
tries, for  Its  accuracy,  convenience,  and  simplicity. 


*See  Philosophioal  Transactions,  1792,  p.  436. 
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69.  Sikes^s  hgirgmeter. — I  describe  the  infitrtnent  furnished  by 
the  Treasury  Department  to  the  office  of  Weights  and  Measares^ 
and  made  by  R.  B.  Bate,  of  London,  ^^hydrometer  maker  for  the 
reiienoe  of  the  United  Kingdom,"  established  22d  July,  1816,  by 
act  of  Parliament,  (68  George  III.,  cap.  28,)  and  accompanied  by 
a  thermometer  and  a  book  of  tables  containing  62  pages  quarto 
aad  entitled  ^^Sikes's  table  of  the  concentrated  strength  of  spirits^ 
with  directions  for  the  use  of  his  hydrometer."  This  hydrometer 
is  of  brass,  and  consists  of  a  spherical  bulb  about  one  inch  and 
a  half  in  diameter,  to  which  is  attached  below  a  slender  conical 
rod  about  one  inch  and  a  quarter  in  length,  which  carries  at  its 
end  a  counterpoise  of  a  half  inch  nearly  in  diameter,  to  give  it 
the  requisite  stability.  Above  the  bulb  is  attached  the  stem,  flat- 
tened and  graduated  with  a  single  scale  into  ten  equal  divisions, 
numbered  from  1  to  10,  which  are  again  subdivided  into  five  frac- 
tional parts  of  two  tenths  each.  The  length  of  this  stem  is  about 
three  and  one-half  inches,  and  the  entire  length  of  the  instrument 
is  six  and  one-half  inches  nearly. 

The  instrument  is  accompanied  by  nine  differents  weights,  of 
unequal  volume;  the  form  of  which  is  that  of  a  divided  ring,  so 
that  they  may  be  placed  upon  the  conical  rod,  and  then  slid  down 
to  the  counterpoise,  where  the  increased  diameter  of  the  cone  pre- 
vents their  falling  off  in  the  liquid.  By  means  of  these  weights^ 
numbered  10,  20,  30,  etc.,  to  90,  the  hydrometer  scale  is  extended 
to  100  divisions,  of  which  the  units  are  read  off  upon  the  gra<iuated 
stem,  and  the  tens  are  given  by  the  weights.  If  we  consider  the 
fractional  parts  of  two  tenths  each,  then  the  scale  comprises  600 
divisions. 

On  the  side  or  edge  of  the  stem  there  is  a  mark  to  which  the 
weight  60  depresses  the  instrument  in  proof  spirit  at  61^  Fahren- 
heit. By  the  act  of  Parliament  establishing  the  use  of  this  hy- 
drometer, proof  spirit  is  defined  to  be  that  vihich  at  61^  Fahren^ 
heit  weighs  exactly  twelve-thirteenths  of  an  equal  bulk  of  distilled 
water.  The  hydrometer  is  therefore  accompanied  also  by  a  small 
square  weight,  having  a  hole  in  one  side  by  which  it  may  be  fixed 
upon  the  top  of  the  graduated  stem,  and  which  weighs  one-twelfth 
of  the  entire  weight  of  the  instrument  and  weight  numbered  60. 
When  added,  this  square  weight  sinks  the  hydrometer  in  distilled 
water  to  the  proof  mark,  and  shows  that  the  instrument  is  con- 
structed in  accordance  with  the  definition  of  the  act  of  Parliament. 

The  thermometer  is  of  Fahrenheit's  scale;  and  the  book  of 
tables  shows  for  every  indication  and  temperature,  from  30^  to  80^ 
Fahrenheit,  the  corresponding  over  proof  or  under  proof 

This  hydrometer  is  sometimes  accompanied  by  a  ^^sliding  rule," 
somewhat  like  that  which  is  used  for  Dycas's  hydrometer,  and 
which  gives  the  strength,  mechanically,  by  causing  the  star  to  coin- 
cide with  the  observed  temperature,  and  then  reading  off  the  proof 
opposite  the  indication  or  division  given  by  the  hydrometer. 

70.  There  are  two  serious  objections  to  the  use  of  a  hydrometer 
of  this  description;  the  first  arising  from  the  {aoX  tk^X  ^t\^\^  ^l 
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unequal  volume  are  added  below  the  surface  of  liquids  of  different 
density,  which  renders  the  theory  of  the  instrument  so  compli- 
cated as  to  be  incomprehensible  to  workmen  generally,  and  re- 
quires, for  its  construction  to  attain  certainty,  an  amount  of  mathe- 
matical calculation  which  should  not  be  demanded,  as  there  is.no 
necessity  for  it.  And  should  the  instrument  maker  follow  the 
process  of  servilely  copying  one  instrument  from  another,  then  it 
seems  to  me  there  can  be  no  ground  for  confidence  in  his  work. 
The  second  objection  is,  that  a  single  divided  scale  upon  the 
stem  causes  the  divisions  to  correspond  to  a  different  arbitrary 
system  of  graduation  for  each  successive  weight  and  modulus; 
thus  destroying  all  unity  and  simplicity. 


to,  (art.  32,)  and  which  is  not,  as  far  as  I  am  aware,  to  be  found 
in  any  English  publication. 

71.  The  instrument  should  be  of  such  volume  and  weight,  that, 
when  floated  in  absolute  alcohol,  a  small  portion  of  the  stem  will 
be  above  the  surface  of  the  liquid;  and  when  plunged  into  water, 
an  additional  immersed  weight  should  cause  the  surface  to  be  a 
little  above  the  bulb.  That  these  conditions,  requisite  to  fix  the 
zero  point  and  division  10  of  its  scale,  may  be  fulfilled,  it  is  ne- 
cessary to  perform  the  following  preliminary  experiments. 

Having  weighed  the  instrument,  add  weights  internally^  or  at 
thi  top  o/  the  stem,  until  it  sinks  in  distilled  water  to  the  division 
10,  just  above  the  bulb.  The  entire  weight  thus  given,  and  which 
we  denote  by  t>',  will,  as  the  density  of  water  is  known,  determine 
the  volume  of  water  displaced.  Then  add  weights,  in  a  similar 
manner,  until  the  hydrometer  sinks  to  a  point  near  the  top  of  its 
stem,  which  should  be  taken  as  the  zero  point;  denote  this  second 
weight  by  v;  we  shall  thus  obtain  k=v — v';  and  these  weights  v — 
v'  and  k  will  give  the  volumes  corresponding  respectively  to  the 
zero  point,  to  division  10,  and  to  the  graduated  portion  of  the  stem. 

Now  since,  by  equation  (8),  p=a:y,  if  n  be  the  density  of  ab- 
solute alcohol,  it  becomes  necessary  to  the  end,  that  the  hydrome- 
ter shall  sink  in  alcohol  to  the  zero  point,  that  it  should  fulfil  the 
condition 

p  =  nv ,     .    (20). 

In  which  equation,  p  is  the  weight  of  the  instrument  without  its 
additional  weights. 

That  it  may  sink  in  distilled  water  to  division  10,  we  must  add 
a  weight  upon  the  conicB.]  rod  beneath  the  surf  ace  j  equal  to  m  grains; 
if  d  represents  the  specific  gravity  of  the  metal,  then  will  m,  di- 
vided by  d,  be  the  volume  beneath  the  surface.  So  that  division 
10  will  correspond  to  the  volume  and  equation, 

m 
d 
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tke  density  of  water  being  unity.     Hence  we  obtain 

d 

«  =  (»'-?) (21)- 

d  —  1 

And  the  two  fundamental  conditions,  that  it  shoilild  sink  in  abso- 
lute alcohol  to  zero,  and  with  an  additional  immersed  weight  m  to 
diTision  10  in  distilled  water,  by  equations  (20)  and  (21),  are  ful- 
filled. 

If  the  hydrometer  sinks  to  its  zero  point  in  a  liquid  of  which  the 
density  is  denoted  by  63  and,  when  loaded  with  one  of  its  weights 
^,  then  will 


p  +  9 


=  ^(^  +  j) (22). 


And  that  it  may  sink  in  tiie  same  liquid  to  diTision  10,  we  substi- 
tute a  different  weight  <f'  which  is  lighter;  and 


P  +  *'  =  '5(e'  +  ^); 


by  elimination, 


V'  +  — 
P  +  ♦'  d 


»  +  — 
d 


hence 


(♦  -  ♦')  (»- f )  =  (P  +  *).    («  -«')=»&(?+  ,); 
and  putting 

we  get 

V=<,(l-n)-n|,     -     -     -    -     (24). 

When,  therefore,  the  hydrometer  is  loaded  with  the  weight  <^,  and 
sinks  to  zero,  it  will  sink  only  to  division  10^,  if  the  weight  ^'  be 
substituted  in  its  place - 

'  73.  Suppose  that  we  make  ^=s77i  the  weight  which  causes  the 
hydrometer  to  sink  to  division  10;  then  will  the  indication  be  read 
off  as  100®,  since  m=90. 

Then,  in  a    less  dense   liquid,  in  which  the  weight  90  causes  the 
hydrometer  to  sink  to  zeto,  the  indicatioa  ^v\V  \)«  ^\  *\1  ^^  \^^ 
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place  this  weigbt  t  by  another  9'^  which  shall  sink  it  only  to  diri- 
sion  lO/we  shall  have  <^'=80;  and  if  we  substitute  V  for  f,  we 
may,  in  a  similar  manneri  obtain  f''s=:70;  and  so  on.  Thus  we 
shall  obtain,  successively,  each  of  the  weights,  from  90  down- 
wards to  10,  of  the  series  which  constitutes  the  scale  of  the  hydro- 
meter. 

As  the  weig4it8  are  of  copper,  the  specific  gravity  of  which '  is 
8.396,  we  shall  hare 


m=:  1.1352  (v'—p) 
k 


V  — Q119  j? 


(25). 
(26.) 


From  equation  (22)  we  obtain 


V  +^ 


V  +  0.1199 

which  gives  the  specific  gravity  of  the  liquid  in  which  the  weight  t 
sinks  the  hydrometer  to  zero. 

M.  Francoeur  found  a  hydrometer  of  Sikes  to  weigh  p  =29.65 
grammes,  and  that  the  volumes  immersed  corresponding  to  0^  and 
10°  were  respectively  u  =36.26  and  i>'=  35,52  cubic  centimetres; 
hence  A:  =  t?  — 1?'  =  0.73  cubic  centim.  The  weight  requisite  to  sink 
the  instrument  to  10*  in  water  was  therefore  m  =  6.663  grammes; 
and  n  =  0.0223  and  1— n=0.9777.  From  which  data  M.  Francceur 
constructed  the  following  table: 


« 

Additional 

Spcoifio 

S 

Additional 

Specifio 

& 

weight,  in 

gravity  of 

1 

0 

weight,  in 

gravity  of 

grammes. 

spirit. 

grammes. 

spirit. 

^ 

tn. 

if. 

Q 
40 

TO. 

/. 

90 

6.663 

6.9604 

2.793 

0.8869 

80 

6.866 

0.9608 

30 

2.073 

0.8692 

70 

6.064 

0.9420 

20 

1.867 

0.8618 

60 

4.290 

0.9233 

10 

0.675 

0.8347 

50 

3.533 

0.9049 

0 

s.ooo 

0.8179 

73.  I  would  here  remark,  that,  according  to  M.  Francoeur,  the 
hydrometer  of  Sikes  is  no  other  than  that  which  had  been  long  in 
use  in  Montpelier,  and  which  was  invented  by  Dr.  Bories,  who 
based  it  upon  accurate  experiments  of  his  own.  Mr.  Sikes  pro- 
fesses to  have  calculated  his  tables  from  the  data  furnished  by 
Messrs.  Gilpin  and  Blagden.  The  hydrometer  of  Sikes  too  closely 
resembles  that  of  Mr.  Atkins  and  others  which  preceded  it,  to  ren- 
i/eriV /ratable  that  he  merely  copied  after  Dr.  fiorie«;  sucb|  how- 
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ever  may  poMibly  have  been  the  fact.  For  a  description  of  Bo- 
ries's  hydrometer,  M.  Francosur  refers  to  the  Bulletin  de  la  Socidti 
d^ Encouragement,  5e.  ann^e  1806,  p.  185.  In  a  subsequent  section 
of  this  report  will  be  found  experiments  of  comparison  and  verifi- 
cation for  Sikes's  hydrometer. 

74.  According  to  Dr.  Ure*  the  Lords  of  the  Treasury  recently 
requested  the  Royal  Society  to  examine  the  construction  of  Sikes's 
hydrometer,  and  its  fitness  for  its  purpose.  Of  the  action  of  the 
Society  upon  this  application  I  have  been  unable  to  find  any  ac- 
count, either  in  its  Transactions  or  Bulletins  of  proceedings.  Dr. 
Vre  states,  however,  that  a  committee  was  appointed-,  who  recom- 
mended a  different  system,  and  the  use  of  a  hydrometer  reading 
specific  gravities.  Mr.  Bate,  the  hydrometer  maker  for  the  reve- 
nue, brought  forward  a  new  instrument,  a  peculiarity  of  which  is, 
that  the  additional  weights  differ  successively  in  volume  by  a  quan- 
tity equal  to  the  portion  of  the  stem  which  forms  the  graduated 
scale;  this  would  add  greatly  to  the  trouble  and  difficulty  of  manu- 
facture, and  consequently  to  the  cost.  Mr.  Lubbock  seems  to  have 
been  intrusted  with  these  investigations,  and  the  report  of  the  com- 
mittee, to  which  Dr.  Ure  furnishes  no  reference,  is,  I  have  reason 
to  believe,  contained  in  the  Parliamentary  papers.  The  well  es- 
tablished and  high  reputation  of  Mr.  Lubbock  entitles  any  thing 
coming  from  his  pen  to  careful  consideration;  therefore,  and  be- 
cause no  change  has  yet  been  made,  as  far  as  I  have  been  able  to 
learn,  in  the  system  of  Great  Britain  with  relation  to  these  matters, 
I  shall  defer  all  further  remarks  until  I  shall  have  succeeded  in 
obtaining  the  report  made  by  the  committee  of  the  Royal  Society 
upon  this  subject. 

Omitting  all  notice  of  other  and  comparatively  unimportant 
English  hydrometers,  which  are  not  few  in  number,  I  pass  to  the 
discussion  of  those  employed  in  other  countries. 

Hydrometers  of  Prussia. 

75.  Centesimal  alcoholometer  of  Tralles. — This  instrument  may 
be  regarded  as  the  same  as  that  of  M.  Gay  Lussac,  from  which  it  dif- 
fers very  slightly;  the  specific  gravity  of  water  is  taken  by  Tralles 
as  unity  at  the  temperature  of  its  maximum  density,  so  that  it  be- 
comes U.9991  at  60^  Fahrenheit.  Gay  Lussac  assumes  it  to  be  unitjr 
at  the  temperature  of  15^  centigrade.  Again,  M.  Gey  Lussac  de- 
fines absolute  alcohol  as  that  which  possesses  the  specific  gravity  of 
0.7947  at  the  normal  temperature,  15°  centig.;  while  Tralles  as- 
signs to  it  the  specific  gravity  of  0.7939  at  60""  Fahrenheit.  These 
temperatures  differ  by  one  degree  Fahrenheit,  which  would  cause 
a  variation  in  specific  gravity  of  0.0005  only;  to  be  added  to  that 
given  by  Tralles,  which  becomes  0.7944.  The  difference  0.0003  i« 
sufficiently  accounted  for  by  the   different  units  selected,  and  by 


*htt  Ure's  Dictionary  of  Arts  suid  M^ufMimes^  article  Alcohol)  pago  ^O^LodjOaxx  t^Uon. 
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the  well-known  fact^  that  the  zero  points  of  thermometers  become 
somewhat  displaced  after  manufacture  and  by  use;  hence,  this  disr 
Qrepancy  falls  within  the  limits  of  instrumental  errors. 

The  researches  of  Tralles  were  published  in  the  year  1811;*  the 
results  of  those  of  M.  Gay  Lussac  in  1824.  Tralles  bases  his  ta* 
bles  upon  the  weighings  of  Messrs.  Gilpin  and  Blagden;  M.  Gay 
Lussac  upon  experiments  of  his  own  which  he  has  not  made  public. 
The  tables  given  by  M.  Gay  Lussac  in  the  little  book  to  which  I 
have  referred  are  far  more  complete  than  those  of  Tralles,  or  any 
others  extant.  These  tables  are  also  contained  in  full,  as  well  as 
those  of  Tralles,  in  the  Encyclopedia  of  Messrs.  Booth  and  Boy6, 
(art.  Alcoholometry,)  and  they  well  deserve  the  praise  bestowed 
upon  them  by  Dr.  Ure  in  the  remarks-.f 

^^I  consider  the  preceding  table,  which  I  have  extracted  from 
the  longer  tables  of  M.  Gay  Lussac,  an  important  addition  to  the 
resources  of  British  dealers  and  manufacturing  chemists.  With  his 
little  instrument,  the  real  value  of  any  spirituous  liquor  may  be  de- 
termined to  sufficient  nicety  for  most  purposes,  and  by  a  far  easier 
manner  than  by  any  instruments  now  used  in  this  country." 

Tralles  has  given  full  instructions  for  the  construction  of  his 
centesimal  alcoholometer;  these  are  not  published  for  the  instru- 
ment of  Gay  Lussac,  the  manufacture  of  which  seems  to  be  secured 
by  patent  to  MM.  Gay  Lussac  and  Colardeau.  M.  Collardeau,  a 
pupil  of  the  Polytechnic  school,  was  the  assistant  of  M.  Gay  Lus- 
sac in  his  labors. 

76.  Richter^s  Alkeholometer. — The  instrument  which  has  borne 
this  name  is  simply  a  hydrometer  of  the  ordinary  construc- 
tion, graduated  so  that  its  degrees  shall  indicate  the  per  cent,  of 
alcohol,  by  wtight^  contained  in  a  spirituous  liquor.  It  is  inferior 
in  convenience  and  utility  to  that  of  Tralles,  which  gives  percent, 
iy  volume^  because  liquors  are  bought  and  sold  by  measure  instead 
of  weight. 

This  hydrometer  has  been  constructed  of  several  kinds,  based 
upon  different  data;|  the  first  was  founded  upon  Richter's  earlier 
researches,  and  showed  the  per  cent,  of  alcohol  of  the  specific 
gravity  0.821;  the  second  upon  Lowitz's  tables,  making  the  specific 
gravity  of  absolute  alcohol  0.791  at  16^  Reaumur;  and  the  third 
upon  Richters's  later  determinations,  giving  0.792  for  the  specific 
gravity  of  absolute  alcohol. 

Richter  also  founded  his  hydrometer  upon  but  five  observations 
interpolated  arbitrarily,  and  made  only  at  the  single  temperature 
•►f  16**  Reaumur.  As  he  retained  this  basis  even  in  later  construc- 
tions, it  is  strange  that  his  instrument  gave  determinations  so  ap- 
proximate to  truth. 


•See  UntersQchaDfjren  ubor  die  specif.  Gewichle  der  Miwjliunjjen  aus  Alkohol  and  Wasaer, 

nnd  Tafeln  fflr  den  Gebrauch  und  die  VeilertigHnir  der  Alkoholomcter,  vom  Prof.  Tralles, 

Secret,  d.  math.  Klasso  d.  Akad.  d.  Wissenseh.  eu  Berlin.    In  Annulcn  der  Pbvsik.  von  L 

W.  Gilbert,  Jahrfrang  1811,  Stock  8.  '      ' 

/See  Dr.  Ure'a  Dictionary  of  Arts  and  ManQfaotoreSi  Londoi  edition,  p.  38,  art.  Alcohol. 

tffe^  Meimaer'a  Arfiometrie;  Wieo,  1836,  p.  i  «a. 
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77.  The  hydrometer  now  constructed  and  known  in  Prussia  hj 
the  name  of  Riehter^s  alkoholomettr^  is  a  very  different  instrument^ 
based  upon  the  labors  of  Trallesand  observations  of  Messrs.  Gilpin 
and  Blagden,*  which  possess  all  requisite  exactness. 

78.  Alkoholomtttr  of  Loroiiz. — According  to  Mcissneri  although 
Lowitz  never  gave  his  attention  to  the  subject  of  constructing  a 
hydrometer,  yet  many  instruments  were  founded  upon  his  tablesy 
published  in  CrdVs  AnnaUn.  Richter  set  the  example,  and  many 
artists  followed  it,  in  Russia,  Poland,  and  Germany;  so  that  hy- 
drometers, founded  upon  Lowitz's  determinations,  became  com- 
Bon,  and    most   of    them   bore   the   name    ^^Alkoholometer   nach 

79.  Universal  areometer  of  Richter — {allgemeines  Ardometer.) — 
This  instrument  was  intended  to  read  specific  gravities;  but  Richter 
fell  into  the  error  of  supposing  that  a  scale  graduated  into  equal 
parts  would  give  equal  variations  of  specific  gravity.  We  have 
seen  that,  for  this  purpose,  the  divisions  should  vary  with  the 
ordinates  of  a  hyperoola  referred  to  its  asymptotes.  Poggendorf 
states  that  the  inaccuracy  and  inconvenience  of  this  instrument 
have  caused  it  to  pass  entirely  out  of  use. 

80.  Sckmidt^s  Ardometer. — This  is  a  hydrometer  so  constructed 
as  to  read  specific  gravities  with  accuracy;  the  geometrical  con- 
struction fer  which  is  described  in  (Gren's  N.  Journal  d.  Physik, 
1796,)  and  also  by  Poggendorff,  in  his  excellent  article  on  Ardom- 
ctH«|  in  the  Handworterhuch  der  CAemte.f  The  above  mentioned 
hydrometers  are  made  by  J.  J.  Greiner,  of  Berlin,  with  a  degree 
of  skill  which  probably  surpasses,  for  such  instruments,  that  of 
any  other  artist  in  Europe. 

In  Austria. 

'  81.  Meissner^s  Alkoholometer. — An  instrument  consisting  of  a 
combination  of  the  scale  of  per  cent,  by  volume  with  that  for  per 
cent,  by  weight,  and  founded  upon  independent  experiments  and 
determinations  by  its  author,  has  long  been  in  use  as  the  hy- 
drometer of  the  government  of  Austria.  This  instrument,  bearing 
two  graduated  scales,  may  therefore  be  considered  as  a  union  of 
Richter's  scale  with  that  of  Tralles.  As  the  data  differ  upon.which 
the  centesimal  alcoholometers  of  Tralles,  Gay  Lussac,  Meissner, 
and  Richter,  are  founded,  the  indications  will  not  correspond  ex- 
actly. (Table  VI  of  the  appendix  will  serve  to  show  their  differ- 
ences.) 

82.  Universal  Areometer  of  Meissner — {allgemeines  Ardometer.) 
— ^This  hydrometer  reads  specific  gravities    from   0.700    to  2.000. 

•  Handwarterbaeb  der   Chemie,   von  Liebig,  Poggendorff,  und  Wfthler.    (pp.  264  and 
474.)    BnuDschveig,  1S42. 
\  Ar&ometiie,  p.  130,  §  325. 
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The  divisions  of  its  scale  are  dnequal  in  volume,  and  the  instru- 
dient  is  therefore  liable  to  all  the  objections  already  urged  with 
reference  to  hydrometers  graduated  to  indicate  specific  gravities. 
To  what  extent  it  may  be  in  use,  I  have  no  ndeans  of  ascertaining; 
it  is  described  in  Meissner^s  JJrdomttriej  already  referred  to;  a 
work  regarded  in  Germany  as  high  authority  upon  the  subject  of 
which  it  treats,  and  a  copy  of  which  my  friend,  Professor  J.  C. 
Booth,  has  kindly  placed  at  my  service. 

83.  Proff'ssor  Meissner  has  also  described,  in  his  valuable  trea- 
tise, several  special  hydrometers^  {besondere  ^r&ometerj)  so  con- 
structed as  to  show  the  quantity  of  the  substance  which  imparts 
value  to  the  liquid.  One  of  these  {Schwefelsduremesser)  is  intended 
for  sulphuric  acid;  others,  analogous  to  it,  are  adapted  to  nitric 
acid  and  hydrochloric  acid;  another  is  applicable  to  ammonia. 
And  he  has  constructed  tables  which  give  the  specific  gravities  cor- 
responding to  every  five  per  cent,  from  zero  to  one  hundred. 

7%e  Holland  hydrometer. 

84.  The  medical  faculty  of  Amsterdam  adopted  a  modification 
of  Beaum^'s  hydrometers,  which  has  since  been  known  as  the  Hol- 
land hydrometer,  {das  holldndische  Jlraometer^)  or  hydrometer  of 
the  pharmacopea  batava^  1806.  Beaum^,  as  we  have  seen,  em- 
ployed solutions  of  common  salt  for  his  hydrometer  for  spirits,. 
IpSse- esprit j)  and  16  per  cent,  for  his  hydrometer  for  liquids 
heavier  than  water,  (pSse-acide.)  Water,  which  corresponds  to  lO 
of  the  pdse-esprity  marks  the  zero  point  of  the  pise-acide.  The 
Holland  hydrometer  has  the  specific  gravity  of  water  1.000  at  10^ 
Reaumur,  (64^°  Fahrenheit,)  for  the  density  corresponding  to  its 
zero  point.  The  10th  degree  of  its  scale  is  determined  by  a  solu- 
tion containing  10  per  cent,  of  its  weight  of  common  salt;  and  the 
degrees  are  all  equal,  both  above  and  below  zero. 

In  Switzerland. 

85.  7Ae  Aydromefer  q/^BecA:,  an  instrument  maker  of  Bern,  has 
become  very  generally  known.  It  is  sometimes  called  Bentely^s 
hydrometer ;  and  is  merely  a  modification  of  Beaumfis^  proposed 
by  Bentely,  having  the  density  of  water  at  10^  Reaumur  for  that 
of  its  zero  point,  while  its  30th  degree  is  determined  by  a  liquid 
of  the  specific  gravity  of  0  830.  This  instrument  is  therefore  free 
from  the  errors  which  are  produced  in  the  graduation  of  Beauro6's 
hydrometer  by  the  use  of  thf  method  of  repetition  of  units  to 
extend  the  scale,  instead  of  that  of  subdivision  of  a  multiple.  The 
divisions  of  its  scale  are  also  equal,  whether  positive   or  negative. 

Hydrometers  of  America. 

86.  llt/drometer  made  by  Tucker  4r  Bwelle^  of  Boston. — This  in- 
jstrument  is  accompanied  by  a  thermometer  and  sliding  rule.    That 
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"wbich  has  been  submitted  by  the  Treasury  Department  is  marked 
Vo.  81.  It  is  of  silver;  this  is  deemed  by  the  makers  a  great  ad- 
rantage,  for  the  assigned  reason^  that  it  is  less  liable  to  corrode 
than  copper.  This  hydrometer  is  accompanied  by  ten  additional 
weights,  which,  in  form  and  in  the  manner  of  their  application 
upon  a  conical  rod  connecting  the  bulb  and  counterpoise,  are  iden- 
tical with  the  construction  of  Sikes's  hydrometer.  Although  the 
scale  of  this  hydrometer  reads  from  zero  to  100  instead  of  from  100 
to  zero,  as  in  Sikes's,  and  although  the  sliding  rule  professes  to  be 
adapted  to  the  American  system  of  proofs,  it  still  seems  to  me  that 
this  is  no  other  than  Sikes's  hydrometer  under  a  ne^  name,  and 
in  a  dress  of  the  American  fashion. 

87.  SouthworWi  hydrometer, — This  instrument  is  established 
by  law  of  the  State  of  New  York  as  the  standard  for  that  State. 
Apart  from  the  question  of  accuracy  of  construction,  it  possesses 
merit;  for  the  diyisions  of  the  scale  indicate  per  cent,  above  or 
below  proof  directly,  ^nd  without  recourse  to  any  sliding  rule  or 
set  of  tables.  The  proof  mark  is  thus  the  zero  point  of  graduation. 
This  arrangement  appears  to  be  much  simpler  than  any  other  which 
has  been  brought  forward  to  determine  the  strength  relating  to 
proof  spirit;  and  it  deserves  consideration,  if  the  present  system 
of  proofs  be  continued.  But  in  simplicity  no  instrument  compares 
with  the  centesimal  alcoholometer  of  Tralles  and  Gay  Lussac. 
The  workmanship  of  the  instrument  belonging  to  the  Treasury 
Department  appears  to  be  very  rough,  and  its  graduation  inaccu- 
rately performed.  I  regret  that  it  was  not  in  my  possession  when 
I  performed  the  experiments  of  comparison  given  in  a  subsequent 
part  of  this  report.  But  I  doubt  very  much  its  accuracy;  and  the 
rule  given  by  Mr.  Southworth  of  correction  for  temperature  appears 
to  be  no  other  than  that  of  M.  Francoeur  for  the  alcoholometer  of 
M.  Gay  Lussac,  with  this  great  oversight,  if  it  be  so,  that  degrees 
Fahrenheit  are  substituted  in  place  of  degrees  centigrade,  without 
reduction.  But  I  dismiss  the  expression  of  surmise,  and  defer  all 
farther  remarks  upon  this  instrument  until  experiments  with  it  shall 
have  put  me  in  possession  of  all  necessary  facts. 

88.  Dycas^s  hydrometer. — The  theory  of  this  hydrometer  has 
been  already  partially  set  forth  in  my  general  discussion  of  the 
theory  of  hydrometers;  and  particularly  in  articles  40,  45,  46,  and 
54.  The  instrument  before  me,  made  by  Fisher,  of  Philadelphia, 
No.  342,  belongs  to  the  Treasury  Department,  and  is  similar  to 
those  now  in  use  in  the  revenue  of  the  United  States.  It  is  copied 
strictly  after  one  made  by  the  late  Mr.  Dycas  of  Liverpool,  which 
is  used  by  Mr.  Fisher  as  a  standard. 

The  bulb  is  an  oval  gilded  copper  or  brass  ball  about  one  inch 
and  a  half  in  diameter;  to  this  ball  is  fixed  a  slender  stem,  gradu- 
ated in  equal  divisions  of  a  single  scale,  and  terminating  in  a  point 
which  fits  the  holes  at  the  centres  of  the  different  weights;  by  that 
means  they  are  attached  when  the  hydrometer  is  in  use.  Below  the 
balb^  a  counterpoise  is  fastened  to  the  end  of  a  rod  lu  XVit  otdiVDk^xi 
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manner.  The  iirhole  instrument  is  about  seven  inches  long,  and  it  is- 
accompanied  by  thirty-six  circular  perforated  weights,  marked  0  to 
350,  which  is  the  lightest.  At  the  top  of  the  stem  is  stamped  the 
number  360,  which  corresponds  to  the  instrument  without  weights,, 
and  enables  the  scale  to  be  extended  to  370.  In  the  same  box  with 
the  hydrometer  are  also  a  Fahrenheit  thermometer,  and  an  ivory 
sliding  rule. 

The  instrument  has  therefore  a  series  of  370  indications;  but  as 
the  moduli  vary  with  the  weights,  the  degrees  will  not  belong  to  a 
single  system,  and  the  scale  may  be  in  fact  regarded  as  a  combination 
of  thirty-seven  different  scales.  The  hydrometer  indications  are 
marked  upon  the  slide,  or  middle  portion  of  the  sliding  rule,  from 
0  to  370,  water  being  zero;  and  the  corresponding  strengths  above 
and  below  Dycas's  proof  spirit  are  marked  upon  the  margin,  or 
fixed  part  of  the  rule,  opposite  to  the  indications.  To  adapt  this 
instrument  to  different  temperatures,  as  shown  by  the  accompanying 
thermometer,  the  left  hand  part  of  the  slides  has  upon  its  side  a 
graduated  scale  from  30^  to  80^  Fahrenheit.  And  when  the  index 
upon  the  margin  is  placed  opposite  the  temperature  observed,  then 
will. the  indication  observed  correspond  to  the  particular  strength 
of  the  liquor  examined. 

89.  To  obtain  a  formula  by  which  to  calculate  the  values  of  tbe 
successive  weights  of  Dycas's  hydrometer,  we  must  pursue  a  train 
of  reasoning  somewhat  analogous  to  that  of  M.  Francoeur  for 
Sikes's  hydrometer,  developed  in  article  71.  Having  first  weighed 
the  instrument  itself  we  ascertain  the  respective  volumes  displaced 
when  it  sinks  in  water  at  40®  Fahrenheit  to  its  zero  point  and  to 
division  10  of  the  stem,  by  adding  known  weights  and  calculating 
the  volumes  therefrom.  Call  these  volumes  v  and  v';  then  will 
v'  —  V  be  the  volume  of  the  graduated  portion  of  the  stem,  and  we 
will  represent  it  by  k. 

Denote  the  weight  of  the  hydrometer  alone  by  ]?,  and  suppose 
that  when  loaded  with  the  additional  weight  w  it  sinks  to  zero, 
"then  if  we  add  a  second  weight  which  shall  be  equal  to  k  dy  the 
hydrometer  will  sink  to  division  10  of  the  scale,  d  being  the  density 
of  the  liquid.     Hence, 

w'  =  w  +  kd; 

For  the  density  d  we  have 

p  +  to 


d  = (28)^ 


and,  therefore. 


w'  =  w  (I  +n)  +  p  n       ...     -     (29); 
making  A;,  divided  by  v,  equal  to  n. 
TLe  dUFerence  of  the  specific  gravities  of  the  liquids  in  which 
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tbe  same  weight  to  causes  the  hydrometer  to  sink  to  zero  in  the 
ane  and  to  diTision  10  in  the  other,  will  be 

i_d'  =  (;,  +  «,)(?^)  =  (p  +  tr)^    -     (30); 

we  shall  have 

1 
rf  —  d  '  =  (t4?  —  w")  —    .     -     -    -     (31), 

V 

for  the  relation  between  any  two  specific  gravities  and  the  weights 
which  cause  the  corresponding  indications  to  be  each  equal  to  zero. 
I  have  now  described  nearly  all  the  important  hydrometers  in 
general  use.  There  are  others,  such  as  Allen's,  Bate's,  Richard- 
son's, Dycas's,  and  Southworth's  saccharometers  for  brewers,  and 
Twaddle's  hydrometer  for  fluids  heavier  than  water,  which  may 
hereafter  be  discussed.  But,  for  the  present,  omitting  to  do  any 
thing  more  than  mention  their  names,  and  reserving  all  further  re- 
marks upon  Dycas's  hydrometer,  as  well  as  a  more  particular  ac- 
count of  the  ivory  sliding  rule  which  accompanies  it,  for  the  se- 
quel, I  pass  to  the  next  division  of  my  report. 

On  the  temperature  of  the  maximum  density  of  water • 

90.  The  practical  importance  of  determining  the  temperature  at 
which  water  attains  its  maximum  density,  and  the  law  of  its  dila* 
tation  for  variations  of  heat  near  that  temperature,  is  apparent, 
from  the  reasons  already  given  why  it  should  be  employed  to  fix 
the  modulus  or  zero  point  of  hydrometers.  But  as  this  tempera- 
ture is  also  adopted  by  governments,  and  our  own  among  the  num- 
ber, for  the  establishment  of  accurate  weights  and  measures,  it 
becomes  of  the  highest  interest  and  necessity,  apart  from  mere, 
scientific  considerations,  to  ascertain  it  with  all  possible  refinement, 
both  of  experiment  and  calculation. 

So  many  distinguished  scientific  men  have  devoted  their  atten* 
tion  to  this  subject,  and  tasked  their  ingenuity  to  discover  methods 
of  refined  observation,  that  it  seems  scarcely  practicable  in  the 
present  state  of  experimental  science,  and  of  our  knowledge  of 
the  laws  of  heat,  to  invent  methods  or  apparatus  more  exact  than 
those  which  have  been  already  employed.  Yet,  as  the  philosophi- 
cal instrument  makers  of  our  day  accomplish  almost  miracles  ia 
perfection  of  workmanship,  and  the  impossibilities  of  one  genera- 
tion become  the  every  day  performances  of  the  next,  it  is  unphilo- 
sophical  to  prescribe  limits  to  our  progress  either  in  art  or  science. 
The  precise  determination  of  the  temperature  of  maximum  den- 
sity is  beset  with  difficulties  which  depend  upon  the  very  circum- 
stance which  gives  to  that  temperature  its  great  advantage  and 
convenience  in  practical  applications.  On  either  side  of  the  max- 
imum, a  very  considerable  difference  of  temperature  scarcely  pro- 
duces a  seDsibJe  vAriatioa  ol  density  or  volume.     Henc^  Xji^  ^t^- 
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blem  becomes  that  of  determining^  a  constant  by  the  measurements 
ef  almost  inappreciable  magnitudes.  The  density  is  statical  and 
the  temperature  dynamical,  a  combination  the  most  advantageous 
for  measurements  of  the  density,  but  the  most  diss^dvantageous  for 
determining  a  particular  temperature  as  a  function  of  the  density. 

It  is  not  therefore  surprising  to  find  variations  of  even  one  or 
two  degrees  in  the  experiments  which  have  been  made  with  more 
or  less  care,  and  by  different  individuals. 

And  when  we  bear  in  mind  that  thermometers  made  by  the  same 
person  usually  give  discordant  results,  and  that  even  the  same  ther- 
mometer suffers  in  use,  displacement  and  oscillations  of  its  zero 
point,  amounting  often  to  a  degree  or  more,  we  will  rather  find 
cause  of  wonder  in  the  approximative  accordance  of  the.  determi- 
Bations,  than  in  their  want  of  perfect  agreement,  which  serves 
only  to  establieh  the  honesty  of  the  witnesses  who  testify. 

The  following  table,  obtained  chiefly  from  determinations  com- 
piled by  Hallstrom,*  comprises  nearly  all  that  have  been  made: 


ObMrver. 


Deloo . 
Do.. 
Do.. 
Do.. 


I  Dal  ton.... 

'    Do 

Gilpin-... 

Do 

Do 

Do 

Do 

Sobmidt.. 

Do 

Charles . . 

Do 

L.Gineau. 
Bischoflf. . 
Eicstrand  . 

Do 

Rumford.. 
'   Do 


Calculator. 


Biot 

Ekstrand  . 
Paucker. . 
HSiUstrom. 

Dalton.. . . 

Biot 

Young  . . . 

Biot 

Eytelwein 
Walbeek . 
H&llstrom. 
Eytelwein 
mllstrom 

Biot 

Paucker. . 
L.  Ginoau 
Bischoflf.. 
EkKtrand. . 

do 

Rumford  . 

do 


3.42 
3.60 
1.76 
1.76 

2.22 
4.35 
3.89 
3.89 
2.59 
0.44 
3.82 
2.91 
8.63 
3.99 
3.88 
4.44 
4.06 
3.60 
3.90 
4.3S 
3.47 


Diff. 


—  0.58 

—  0.40 

—  2.24 

—  2.24 

—  1.78 
+  0.35 

—  0.11 

—  O.ll 
-.  1.41 

? 

—  0.18 

—  1.09 
I 

—  0.01 

—  0.12 
+  0.44 
+  0.06 

—  0*.40 

—  0.10 
+  0.38 

—  0.53 


1 

i  Observer. 


Hope... 

Do... 

Do... 
Tralles 
Hasslcr 

Do... 
Hallstrom 

Do 

Do 

Do..... 
Muncke. . 

Do 

Do 

Do 

Do 

Do..... 
Stampfer'. 

Do 

Despretz . 

Do 

Do 

Rudberg.. 


Calculator. 


^X::::: 

do 

TralleB... 
Hassler... 

do 

H&lUtrom , 

do 

do. , • .. 

do 

Muncke... 

do 

Hailstrom 

do 

do.   ... 

do 

do 

do 

Despretz.. 

do , 

do , 

Rudberg. . 


3.33 

3.88 

4.16 

4.35 

4.35 

4.11 

4.34 

3.87 

4.165 

8.897 

3.5 

8.78 

3.94 

3.82 

4.13 

3.81 

3.93 

3.63 

4.00 

3.987 

4.007 

4.02 


Diff. 


-.0.67 
—0.11 
--0.16 
--0.35 
--0.35 
.-0.11 
+  0.34 

—  0.13 
+0.16 

—  O.IOJ 

—  0.5 

—  0.22 

—  O.OS 

—  0.18 
+  0.13 

—  0.19 

—  0.07 

—  0.87 

—  0.00 

—  0.013 
+  0.007 
+  0.02 


The  temperatures  are  given  in  degrees  centigrade;  and  the  co- 
lumn marked  Diff,  is  obtained  by  taking  the  differences  between 
each  observation  and  4°  centigrade,  which  may  be  considered  the 
mean  of  the  more  probable  observations. 

91.  The  remark  contained  in  the  last  article  concerning  the  va- 
riation of  the  zero  point  of  thermometers,  is  based  upon  the  fol- 
lowing facts:  MM.  Arago  and  Gay  Lussac  observed  (in  1817) 
that  the  zero  of  the  thermometer  in  the  cellar  of  the  observatory 
of  Paris  had  risen  0.38.     This  want  of  constancy  various  observers 


*flee  Ann.  de  Chun,  de  Phjs.  t.  28,  p.  56. 
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bare  since  verified;  and  M.  Desprefz,  who  has  deToted  particular 
attention  to  the  subject,  has  shown  that  the  variattoD,  though  as- 
cending for  several  years,  suffers  oscillations;  and  that,  contrary 
to  the  general  opinion,  the  zero,  when  it  has  attained  its  maximum 
elevation,  and  even  after  many  years,  still  continues  to  oscillate 
about  a  mean  point.* 

From  his  valuable  memoirs,  I  have  extracted  the  following  re- 
sults, and  arranged  them  in  tabular  form: 


No.  1. 

No.  2. 

Thermometer. 

No.  3. 

No.  4. 

No.  5. 

Date. 

Zero. 

Zero.  / 

Date. 

Zero. 

Zero. 

Zero. 

Aug.  30,  1832 
8«pt.     3, 1832 
Sept.    5,1832 
Oct.      6,  1832 
Not.     8,  1832 
Dec.     3, 1632 
Jan.      5,  1833 
Aprn    7,1833 
April    8,1834 
AprU  20,  1834 
AprU  17,  1835 
Oct.      2,  1835 
Oct.    29,  1835 
Sept.  21,  1836 
Fck     5,1887 
Feb.     9,  1837 
Feb.   21,1837 
Jnne     4,  1837 
Jane  23,  1837 

0°.C. 
0.11 
0.14 
0.19 
0.20 
0.22 
0.22 
0.29 
0.37 
0.35 
0.37 
0.42 
0.42 
0.42 
0.46 
0.47 
0.46 
0.44 
0.42 

0°.C. 

0.03 

0.05 

0.13 

0.18 

0.20 

0.20 

0.22 

0.33 

0.31 

0.36 

0.39 

0.42 

0.42 

0.45 

0.45 

0.45 

0.45 

0.42 

Nov.    9,  1832 
After  boilin*?.. . 
Nov.   11,  1832 
Nov.  21,  1832 
Dec.     1,  1832 
AprU    7,  1833 
AprU    4,  1834 
July    25,  1834 
April  17,  1835 
Oct.     2,  1835 
Sept.    4,  1836 
Dec.     5,  1836 
Deo.     5,  1836 

Jan.     4,  1837 
Jan.    22,  1837 

Jan.   22,1837 

oo.c. 

—0.31 

—0.20 

—0.04 

0. 

0.08 
0.08 
0.08 
0.27 
0.24 
0.30 
0. 
-0.06 

0.08 
0.20 

0.12 

-0.36 

-0.13 

—0.10 

-0.03 

0.13 

0.03 

0.10 

0.21 

0.24 

0.24 

-0.07 

-0.12 

—0.10 
0.10 

-0.13 

(P.C. 
—  0.06 
0.18 
0.19 
t.29 
0.36 
0.40 
0.42 
0.46 
0.54 
Broken. 

After  boil, 
ing. 

Before  boil- 
ing. 

After  boil- 
ing. 

The  sensibility  of  the  thermometers  was  such,  that  they  could 
be  read  to  the  hundredths  of  degrees  with  accuracy.  The  total 
Tsriation  of  No.  1  was  0°  47,  and  of  No.  2  it  was  0*^.45;  it  was 
ascending  from  August,  1832,  to  February,  1837,  a  period  of  four 
years  and  five  months.  In  the  same  interval,  two  other  thermom- 
eters (No.  6  and  No.  7)  varied  respectively  0^.23  and  0^.30;  while 
another  (No.  8)  varied  between  23d  November,  1832,  and  20th 
March,  1837,  to  the  extent  of  0*^.57. 

These  thermometers  were  made  in  1832,  and  served  for  experi- 
ments during  the  interval,  which  is  the  cause  why  the  variation 
was  sometimes  even  retrogade.  M.  Despretz  considers  it  estab- 
lished by  his  observations,  of  which  he  professes  to  have  made 
many  which  are  not  yet  published,  that  the  zero  points  of  thermo- 
meters are  sensibly  affected  by  the  atmospheric  variations,  and 
that  they  fall  in  summer  and  rise  in  winter;  while  thermometers 
kept  in  places  where  the  temperature  is  constant  ascend  uniformly, 
without  oscillations,  to  a  maximum  at  which  they  remain  station- 
ary.    The  preceding  experiments,  and  particularly  those  made  in 


*  Bee  Amu.  de  Chim,  de  Pbjrs.,  t.  64,  p.  312,  1821. 
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1836  and  1837,  with  Nos.  3  and  4,  establish  the  fact,  that  high  de- 
grees of  heat  cause  the  zero  point  to  fall,  and  that  it  ascends,  on 
the  contrary,' if  subjected  to  low  temperatures;  also,  that  the  os- 
cillation may  amount  to  even  a  half  degree  of  the  centigrade  ther- 
mometer, or  a  whole  degree  nearly  of  Fahrenheit.  It  has  therefore 
been  justly  remarked  by  M.  Pouillet,  (Phys.  le  part.  chap.  1,) 
that,  though  ignorant  of.  its  cause,  we  can  have  no  doubt  of  the 
fact  itself,  and  that  therefore  all  obseryers  should  verify  the  grad- 
uations of  their  thermometers.  It  does  not  appear  that  the  observers 
who  have  undertaken  to  fix  the  temperature  of  the  maximum 
density  of  water  paid  sufficient  attention  to  the  verification  of  the 
zero  point,  or  origin  of  measurement;  and  certainly  linear  mea- 
surements are  but  half  made  when  the  position  of  only  one  of  the 
ends  of  a  line  is  determined.  It  is  on  this  account  that  I  attach 
higher  value  and  attribute  greater  accuracy  to  the  experiments  of 
M.  Despretz  than  to  any  others,  and  that  I  have  chosen  4^  centi- 
grade, the  mean  of  his  results,  as  the  most  probable  value,  M. 
Hallstrom,  it  is  true,  has  taken  a  great  deal  of  mathematical  pains 
to  calculate,  by  the  refined  though  laborious  method  of  least 
squares,  the  probable  mean  of  the  more  accurate  experiments  made 
without  regard  to  the  variation  of  the  zero  point.  And  his  cal- 
culations have  served  to  show  that  the  point  of  maximum  density 
lies  somewhere  between  the  limits  of  4^.34  and  3^.87  centigrade, 
which  differ  0*^.47  centigrade,  or  0^85  Fahrenheit;  the  mean  4*^.1 
differs  slightly  from  the  determination  of  M.  Despretz.  Hallstrom 
himself  comes  to  the  conclusion,  from  his  calculations,  that  the 
temperature  of  maximum  density  cannot  be  determined  without 
leaving  upon  its  value  an  uncertainty  of  one-quarter  of  a  degree 
centigrade.  And  by  a  discussion  of  the  probable  errors  he  proves 
that,  for  values  smaller  than  3°.678  centigrade,  or  greater  than 
4^.583  centigrade,  the  probability  is  infinitely  small,  and  that  they 
must  therefore  be  rejected.  This  distinguished  philosopher  haa 
clearly  shown  in  bis  valuable  memoir*  the  necessity  of  discussing, 
by  calculations  of  the  greatest  rigor,  experiments  made  to  deter- 
mine a  value  that  depends  upon  variations  of  density  which  may 
be  considered  infinitely  small;  but  the  beautiful  method  of  least 
squares  becomes  inexact  when  applied  to  observations,  whose  er« 
rors  are  so  great  that  their  squares  become  large  quantities,  as  well 
as  the  errors  themselves. 

92.  M.  Despretz  performed  his  experiments  in  tWo  different 
ways:f  one,  the  method  of  Deluc,  by  employing  a  water  thermo- 
meter; the  other,  a  modification  of  the  method  of  Tralles  and 
Hope,  by  observing  thermometers  placed  at  different  levels  in  the 
same  vessel  of  water,  the  particles  of  which  arrange  themselves  in 
strata  according  to  their  densities.  To  this  method  the  objection 
has  been  urged,  that  it  depends  upon  motion  to  be  produced  by  the 


•  Ann.  de  China,  et  de  Phys.,  t.  2S. 
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mechanical  action  of  forces  too  feeble  near  the  maximum  to  over- 
come the  resistance  opposed  by  the  cohesion  of  the  particles  of 
vater.  And  this  objection  is  sustained  by  the  discrepancy  of  the 
results;  thus,  Hope  obtained  S'^.SS,  3°.SSj  and  4M6;  and  Rumford^ 
4^.38  and  3^.47.  Hallstrom  rejects  this  method,  as  rather  calcu- 
lated to  show  the  existence  of  a  maximum  several  decrees  above 
the  zero  point  than  to  determine  the  precise  degree  with  accuracy. 
He  however  remarks,  that  the  mean  3^.88  of  the  observations  is 
approximatively  exact;  and  that,  if  a  great  many  observations  be 
made  by  different  persons,  a  probable  compensation  of  their  errors 
would  take  place,  and  a  mean  result  of  considerable  accuracy  would 
be  obtained.  M.  Despretz  endeavors  to  overcome  the  objection 
mentioned,  by  suspending  the  vessel  of  water,  and  causing  a  vi- 
bratory motion  of  its  particles  by  repeated  gentle  tapping  with  a 
stick;  he  thus  obtains  the  mean  result  3.^987;  which,  while  it  serves 
to  confirm  the  determination  4^.000  of  this  first  method,  yet  does 
nit,  in  my  opinion,  prove  that  he  has  succeeded  in  doing  away 
entirely  with  the  objection  to  this  hydrostatical  method  of  Hope 
and  Tralles;  for  his  result  is  but  the  mean  of  observations  whose 
errors  compensate  each  other.  This  is  proved  by  the  curves,  which 
otherwise  should  intersect  nearly  or  exactly  in  a  single  point. 

But  it  is  to  the  observations  of  M.  Despretz,  made  according  to 
the  method  of  Deluc,  and  which  he  has  discussed  by  a  very  in- 
genious, graphic  method,  as  well  as  by  means  of  Lagrange's  form- 
ula for  interpolation  by  logarithms,  that  I  would  give  the  prefer- 
ence over  all  others.  The  method  of  Deluc,  as  it  is  the  simplest, 
8o  also  does  it  appear  to  be  the  most  accurate;  and  the  objections 
of  Hallstrom  are  not,  in  my  opinion,  sufficient  to  show  that  its 
results  are  uncertain.  The  error  of  capillarity  may  be  considered 
a  constant,  which  is  not  a  factor  of  the  variations  of  volume  by 
temperature,  and  which  therefore  disappears  by  differentiation  from 
the  equation  of  the  maximum  value  of  the  density.  And  this  con- 
stant might  be  rendered  almost  nothing,  and  certainly  inappreciable 
in  the  observations  themselves,  by  experimenting  with  tubes  of 
greater  diameter  and  proportionally  larger  bulbs.  The  graphic 
method  of  M.  Despretz  consists  in  representing  the  apparent  dila- 
tation of  water  by  a  curve  of  which  the  ordinates  are  the  observa- 
tions and  the  corresponding  temperatures  the  abscissas.  To  this 
curve  he  draws  a  tangent  parallel  to  the  straight  line  which  repre- 
sents the  dilatation  of  the  glass  of  which  the  thermometer  is  con- 
structed. Then  it  is  evident  that  the  abscissa  of  the  point  of  tan- 
gency  will  represent  the  temperature  of  maximum  density.  If  the 
law  of  the  dilatation  of  water  was  known  and  expressed  by  a 
formula  of  perfect  rigor,  nothing  would  be  easier  than  to  deter- 
mine this  point  of  tangency  with  the  utmost  degree  of  exactness; 
for  it  would  be  merely  requisite  to  make  the  differential  coefficient 
of  the  curve  equal  to  the  coefficient  of  dilatation  of  the  glass,  and 
eliminate  the  corresponding  value  of  x.  In  the  absence  of  such 
knowledge,  M.  Despretz  determines  the  point  by  regarding  the 
curve  as  a  parabola,  from  which  it  does  not  differ  sensibly  for  a 
considerable  extent  on  either  side  of  that  point;  and  Yie  iVveu  v«^^% 
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himself  of  the  property^  that  a  diameter  bisecting  chords  parallel 
to  a  tangenti  cuts  the  parabola  in  the  point  of  tangency.  A  mem- 
ber of  the  committee  of  the  Academy,  charged  with  the  examina* 
tion  of  the  paper  of  M.  Despretz,  having  informed  him  that  they 
would  have  attached  greater  value  to  his  researches  if  they  had 
been  discussed  analytically,  he  undertook  to  calculate  them  by 
Lagrange's  formula  of  interpolation 

y«=Xy  +  X,y, +  X.y. +  X,y. +  X,y,  +  ctc.     -     (32). 

and  obtained  results  exactly  accordant  with  those  of  his  graphic 
method.*     In  this  formula 


(x  —  a,)  (x  —  a.) 


(x  —  a„  ) 
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(33). 


The  manner  in  which  M.  Despretz  has  applied  the  method  of 
curves  to  the  results  of  each  of  his  two  methods  of  observation, 
constitutes,  in  my  opinion,  one  of  the  chief  excellencies  of  his 
valuable  memoir.  And  although  the  rigor  of  analysis  entitles  it  to 
the  highest  regard,  and  renders  it  indispensable  in  the  determina- 
tion of  the  constants  of  nature,  yet  graphic  methods  possess  pecu- 
liar advantages  in  physical  inquiries,  which  the  symbols  of  analysis 
never  present;  the  one  calls  in  the  aid  of  the  eye  and  the  judg< 
ment,  the  other  addresses  itself  to  the  mind,  in  the  language  of 
abstract  relations  of  number. 

As  I  have  presumed  to  dissent  from  the  views  of  the  committee 
of  the  Academy  with  regard  to  the  value  of  graphic  methods,  I 
may  be  permitted  to  cite  high  authority  to  sustain  me.  No  one,  who 
will  take  the  pains  to  read  the  valuable  paper  of  Sir  John  Herschel 
on  the  orbits  of  double  stars^^  can  fail  to  admire  the  example  pre- 
sented by  that  memoir  of  the  use  of  graphic  methods.  He  there 
shows  that  the  graphic  process  often  determines  mean  results  more 
accurately  than  formulas  of  interpolation;  that  it  eliminates  errors 
from  the  very  observations  themselves,  correcting  particular  dis* 
crepancies  by  the  general  law  of  the  whole  mass  of  observations; 
and  that,  to  use  his  own  language,  ^4n  following  the  graphic  pro- 
cess we  have  a  conviction,  almost  approaching  to  moral  certainty, 
that  we  cannot  be  misled."  There  is  but  one  of  our  analytical 
methods  at  all  analogous  to  this  in  its  advantages,  that  of  the  least 


*  See  Add.  de  Chim.  et  de  Pfays.,  t.  73,  p.  296. 
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squares,  which  depends  upon  the  principle  that  small  errors  are 
more  probable  than  large  ones;  and,  therefore,  that,  in  the  most 
probable  observations,  the  errors  do  not  compensate,  but  the  sum 
of  their  squares  is  a  minimum. 

When  the  mean  curve  is  not  of  any  known  form,  it  becomes  dif- 
ficult to  discuss  its  properties;  but  for  a  limited  arc,  if  free  from 
singular  points,  it  is  proved,  by  the  theory  of  osculations,  that  we 
may  assume  the  curve  to  be  identical  with  a  parabola  which  coin- 
cides with  it  so  nearly  that  the  difference  is  inappreciable.  It  is 
thus,  that  the  orbits  of  the  planets  are  assumed  to  be  conic  sec- 
tions, notwithstanding  the  discrepancies  presented  by  perturba- 
tions. And  this  is  equivalent  to  the  analytical  method  of  repre- 
senting phenomena  by  formulae,  such  as  that  employed  by  Biot, 
and  all  who  have  since  attempted  to  discuss  analytically  observa- 
tions of  the  law  of  dilatation,  and  of  the  temperature  of  the  max- 
imum density  of  waterl*  The  method  of  M.  Despretz,  of  deter- 
mining the  point  of  tangency  by  the  bisection  of  parallel  chords, 
is  certainly  accurate,  for  it  is  nearly  equivalent  to  the  familiar  and 
general  mode  of  determining  the  equation  of  the  tangent  to  a 
curve,  by  supposing  a  secant  to  vary  until  the  points  of  secancy 
coincide;  and,  as  the  equation 

y  =  a  +  W  +  cf  +  d/'  +  6^*  .  .  .  +  i^r     -     -     -     (35), 

is  the  general  equation  of  a  parabola  of  the  nth  order,  it  follows 
that,  by  using  the  method  of  Despretz,  which  assumes  the  curve 
of  dilatation  to  be  the  common  parabola,  whose  equation  is 

y  =  a  +  bt  +  ct' (36j, 

we  simply  omit  to  take  account  of  the  terms  of  the  third  order  in 
the  iormnla 

y  =  a  +  W  +  cr  +  d<* (37), 

which  Biot  has  shown  to  represent  the  law  of  dilatation  of  liquids 
with  accuracy,  and  which  is  the  equation  oi  the  parabola  of  the 
third  order. 

Moreover,  in  judging  of  the  exactness  of  our  analytical  methods, 
it  should  be  borne  in  mind  that  the  problem  of  interpolation  is  in- 
determinate, unless  we  know  the  law  of  the  phenomena.  For  it 
consists  in  finding  a  function  which  shall  have  several  given  suc- 
cessive values  for  the  corresponding  values  of  the  independent  va- 
riable, and  these  conditions  are  fulfilled  by  many  different  func- 
tions, as  is  shown  by  the  possibility  of  drawing  various  curves 
through  a  given  number  of  points,  and  also  in  a  very  elegant  man- 
ner by  Lagrange's  formula  of  interpolation.  The  numerator  of  the 
expression  for  the  value  of  X  of  equations  (33)     , 

(x  —  a,)  {x  —  a,) (a:  —  fln  ) 
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is  not  the  only  fanction  which  vanishes'when  z  becomes  equal  to 
«^,  a,  .  •  .  tfn  •    Lagrange  has  given  the  formula 

*  X  2  *  X  Sex 

«  as  A  sin.  — —  +  A,  sin.  — —  +  A,  sin.  — — —  +  etc., 
a  a  ^  a 

as  one  which  becomes  0,  for  each  of  the  values  x  of  the  series  a, 
Sfl)  3a,  &c.,  and  which  may  serve  for  the  interpolation  of  periodi- 
cal functions.     And  the  expression 

sin.  m  (x  —  a^)  sin.  n  {x  —  «,)--*  sin.  A  (x  —  a,  ) 

X  = 

sin.  m  {a  —  a,)  sin.  n  (o  —  a,) sin.  k  {a  —  a.  ) 

is  one  which  serves  for  any  valaes  of  m,  n,  and  A;. 

Similar  functions  may  likewise  be  obtained  for  the  values  X^, 
X„  &c.,  of  the  equation 

sin.  a  (a:  —  a)  sin.  ^  (x  —  a^) sin.  ^  (x  —  «»  - 1) 

X,  = 

sin.  a  (fln  —  a)  sin.  ^  (a^  —  «J sin.  f  {a^  — a^  ».  i) 

Hence  it  follows,  that  neither  graphic  nor  analytical  methods 
oan  give  temperatures  of  maximum  density  with  rigid  exactness,  so 
long  as  we  are  ignorant  of  the  exact  nature  of  the  physical  laws  of 
the  dilatation  of  liquids,  though  we  can  obtain  values  with  all  re- 
quisite approximative  accuracy. 

93.  I  have  felt  an  interest  in  this  matter  sufficient  to  have  in- 
duced me  to  apply  the  method  of  least  squares,  which  Hallstrom 
seems  to  consider  the  only  admissible  one,  to  the  experiments  of 
M.  Despretz.  I  thus  obtain  4^.223,  instead  of  4^,  as  the  probable 
determination;  and  this  differs  but  0^.123  from  the  mean  which 
Hallstrom  has  deduced  from  the  mass  of  observations  made  by  dif- 
ferent persons.  The  method  I  have  followed  is  given  in  the  next 
chapter. 

Jfew  analytical  discussion  of  the  observations  of  M.  Depretz. 

94.  As  the  method  of  least  squares  loses  its  advantage,  and  be- 
comes inaccurate,  when  any  of  the  extreme  errors  of  calculation 
are  very  great,  by  giving  to  these  errors  an  influence  proportional 
to  their  squares,*  and  as  the  numerical  calculations  become  very 
long  and  tedious  when  the  method  is  applied  directly  to  a  large 
number  of  results,  I  have  so  combined  the  data  of  each  set  of  the 
experiments  of  M.  Depretz  as  to  obtain  mean  equations,  from 
which  I  then   determine  the  temperature  of  maximum  density  of 

%See  Bowditch's  Notes  to  Laplacei  M^camque  C61e9te,  toI.  ii;  p.  434. 
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water  by  differentiation  and  the  use  of  least  squares.  By  follow- 
ing this  method,  I  greatly  abridge  the  labor  of  calculation,  and  the 
result  is  more  accurate  than  if  obtained  directly  from  the  observa- 
tions themselves.  Any  great  error  is  exposed,  and  that  observa- 
tion, or  set  of  observations,  may  be  rejected,  or  their  probable  er- 
ror may  be  computed,  and  the  corresponding  correction  applied;  I 
prefer  to  reject  them. 

In  the  method  I  employ  to  obtain  the  unknown  constant  coeffi- 
cient of  Biot's  formula,  (37,)  the  mean  value  of  a  is  given  for  each 
experiment  by  six  determinations,  that  of  (  by  two,  and  e  by  one 
ouly.  Thus,  greater  accuracy  is  obtained  where  most  required,  and 
errors  of  observation  are  rendered  apparent,  particularly  in  the 
value  of  a,  by  discordant  results. 

Logarithmic  computation  becomes  inaccurate  when  the  numbers 
Are  very  large.  I  have,  therefore,  found  it  necessary  to  employ 
the  laborious  method  of  actually  performing  all  the  multiplications 
and  divisions.  To  avoid  those  accidental  errors  to  which  such 
arithmetical  operations  are  peculiarly  liable,  the  calculations  were 
also  made  at  my  request  by  my  brother;  thus,  mistakes  were  de- 
tected and  corrected  by  differences  in  our  calculations;  nor  have  I 
failed  to  test  even  the  accordant  results  by  the  approximative  veri- 
fications which  logarithms  afford.  Such  care,  in  my  opinion, 
should  always  be  bestowed  on  determinations  of  the  constants  of 
Nature. 

95.     The  formulas  I  have  employed  are  usually  contained  in  the 
works  which  treat  of  the  calculus  of  finite  differences,* 
V  =at  +6^'   +  ct*   +  etc. ' 
V,  =  at,  +  bi,'  -f  ct,'  +  etc. 
V.  =  at^  +  6^,*  +  ct^*  +  etc. 
i;,  ss=  at,  +  ht;  +  ct,'  +  etc. 


(38); 


then  if  we  put 


'/  (»); »=/  (».); =/ (».);  etc. 


■we  shall  have 

/(»  )  =  a  +  i  (<  +/,)  +  «('.  +t  *i  +  '.')  +  etc. ) 

/  (».)  =  «  +  H<.  +  '.)  +  c  (/.   +  ^  /,  +  /.')  +  etc.  \  -    (39), 

/K)  =  a  +  i  ('.  +  '.)  +  c  («.'  +  t.t.  +  t:)  +  etc.  j 

and  analogously  subtracting  each  of  the  two  last  equations  from 
that  which  precedes,  and  dividing  by  the  factor  of  the  first  term, 
we  obtain 

/.(«)  =  J  +  c  (  <  +<,  +  <,)  +  etc.  I  ,    .    ,    Mo^ 


fSee  Laeroix,  Calo.  Diff.,  toI.  3,  p.  32, 4te;  Paris,  1819. 
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From  wfaicby  lastly : 
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/.(«) 


(41). 


Hence  it  is  evident  that  we  shall  obtain  from  four  equations  of 
condition  (38)  one  value  of  c,  two  values  of  ft,  and  six  values  of 
a;  for  each  of  the  values  of  b  gives  a  value  of  a  in  the  equations 
(39.)  And  since  three  equations  of  condition  determine  the  values 
of  three  unknown  quantitieS|  our  fourth  equation  serves  as  a  test 
upon  the  accuracy  of  the  observations,  and  will  give  very  discor- 
dant values  of  the  coefficients,  if  they  are  not  free  from  consider- 
able error.  Thus,  in  the  third  experiment,  they  lead  to  two  wide- 
ly different  values  for  ft,  or,  if  equal  values  are  assigned,  to  absur- 
dity; I  have  therefore  rejected  it  entirely.  It  is  not  unlikely  that 
I  may  have  copied  the  observations  incorrectly  in  my  notes  from 
the  memoir  of  M.  Despretz,  which  is  not  now  within  my  reach, 
or  that  they  are  printed  incorrectly. 

96.  The  following  are  the  observations  of  M.  Despretz,  which  I 
have  submitted  to  calculation,  and  arranged  for  brevity  in  tabular 
form.  They  are  those  to  which  he  has  himself  applied  Lagrange'a 
formula  of  interpolation. 


Experiment  I. 


Experimeot  II.     I    ExperimeDt  III. 


fEzperiment  IV. 


Temp. 


°  C. 
7.48 
5.90 
3.74 
2.17 


Volume.    I  Temp. 


92759.0?  I 
92753.29 
92750.83 
92753.12  I 


7.18 
5.69 
4.04 
2.69 


Volume.     Temp. 


92767.39 
92752.60 
f'2750.64 
92752.07 


5.91 
4.73 
3.23 
1.86 


Volume. 


Temp. 


92745.69 
92743.28 
92743.33 
92746.11 


6.33 
5.68 
5.21 
3.87 


Yolome. 


92754.46 
92752.72 
92751.86 
92750.84 


The  numbers  in  the  vertical  columns  of  volume  express  divi- 
sions of  the  graduated  scale  contained  both  in  the  reservoir  and  the 
tube;  to  which  the  correction  of  dilatation  for  the  particular  glass 
has  been  applied,  so  that  the  volumes  are  absolute,  A  second  tube 
gave  the  following  analogous  results: 


Experiment  V. 

Experiment  VI. 

Experiment  VII. 

Experiment  VIII. 

Temp. 

Volume. 

Temp. !    Volume. 

Temp. 

Volume. 

Temp. 

Volume. 

5.91 
4.93 
3.23 
1.86 

61842.54  ; 

61841.00  ! 

61841.01  1 
61842.77  •■ 

i 

7.18 
5.69 
4.04 
2.69 

61841.89 
6J838.64 
61837.39 
61838.30 

7.48 
5.90 
3  74 
2.47 

61843.01 
61839.82 
61837.52 
61839.04 

7.77 
6.05 
4.27 
1.41 

61857.62 
61852.76 
61850.75 
61854.34 

It  appears  that  the  temperatures  of  experiments  Kos.  1,  2,  3,  and 
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7,  6,  5,  are  identical;  but  while  the  volumes  of  No.  5  do  not  differ, 
except  by  a  few  units,  from  those  of  No.  6  and  No.  7,  those  of  No. 
3  vary  greatly  from  the  volumes  of  No.  1  and  No.  2;  this  also 
proves  the  propriety  of  rejecting  No.  3  as  incorrect.  To  the 
identity  I  have  mentioned,  there  is  one  exception— the  last  tempe- 
rature of  No.  1  is  2^.17,  while  that  of  No.  Tis  2^.47.  The  values 
of  o,  which  I  have  obtained  for  the  observations  of  No.  1,  give 
somewhat  discordant  results;  while  those  of  No.  7  accord  very 
closely.  I  therefore  tried  the  effect  of  supposing  2.17  to  have  been, 
by  an  error  of  printing  or  copying,  substituted  for  2  47,  but  the 
discrepancy  became  much  greater,  and  affected  the  values  of  b  to 
an  extent  which  rendered  it  necessary  to  abandon  the  hypothesis. 
This  fact  serves  to  show  the  accuracy  of  the  method  employed,  as 
well  as  of  the  observations  themselves;  for  the  error  of  three- 
tenths  of  a  degree  rendered  it  impossible  to  obtain  values  at  all 
alike,  even  for  the  coefficient  of  the  second  power  of  the  temper- 
ature. 

97.  The  calculations  are  too  long  to  be  given  in  full  in  this  pa- 
per, nor  would  aiiy  one  desire  to  follow  them;  their  results 'may, 
however,  be  embodied  in  tables,  which  any  one  may  test  by  parti- 
cular examples,  who  is  so  disposed.  To  render  the  numbers  smaller, 
I  subtract  each  temperature  from  4°;  which  cannot  affect  the  re- 
sult of  the  maxioium  density,  as  is  evident  from  the  fact  that  it  is 
equivalent  to  a  simple  change  of  the  origin  of  co-ordinates.  By 
substituting  the  numerical  values  in  the  formulas  of  article  93,  I 
obtain: 


No.!  /(I,.) 

fM 

fiv,)' 

Air) 

/,  M 

AM 

1  4.3037974 

1.1342600 

—1.4585987 

0.8601439 

0.6951091 

0.02919676 

2     3.2J4765! 

1.1878788 

-0.986217 

0.6455052 

0.6948697  —0.0107549 

3  1  2.0423729 

-0.0333333 

—1.1029197 

0.7746172 

0.3726788   0.9921688 

4  ,  0.2670707 

0. 1829787 

0.7611940 

0.0760821 

—0.3194559   0.1603813 

5  !  1.3050847 

L-0.0066666 

—1.2846715 

0.4894594 

0.4452978   0.01090401 

6  0.7676757 

-0,6275862 

0.78213507 

0.4468264 

0.4489568   0.0014291 

7  2.0189873 

1.0648141 

0.8491620 

0.2551265 

0.0628723  i  0.0383741 

8  1.1292134 

1.2552447 

0.2500000 

0.5138918 

0.5014984  —0.0072054 

And  from  these  I  deduce  the  coefficients  a  and  (,  by  similar  sub- 
stitution. 
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By  difTer^ntiation,  the  formula  (37)  gives 


dv 


—  =  a+2hf  +  3cr 
dt 


(42); 


'which,  for  the  maximum,  becomes  equal  to  zero.  Hence,  by  sub- 
stitation  and  reduction,  after  passing  again  to  the  primitive  origin 
of  abscissas,  we  obtain  in  degrees  centigrade  from 


No. 


1,0  =  6.89129888  —  2 
2,0  =  5.07488608  —  1, 
4,0  =  2.9734386  —2, 
5,0  =  4.28188808  —  1 


10203559  t  +  0.08759028  <*; 
1385049  t  -  0.0322647  <'; 
3249448  t  +  0,4811439  f; 
19983334  t  +  0.03271203  <': 


6,  0  =  3.61861466  —  0.92703659  t  +  0.0042873 
7,0  =  7.38051066—2.0940023 
8,  0  =  3.7259813  —  0.850963 


t  +  0.1151223 
t  -0.0216162 


k43.) 


And  these  are  the  mean  equations  of  condition  to  which  (as 
stated  in  art.  94)  the  method  of  least  squares  is  to  be  applied^  in- 
stead of  using:  the  actual  observations  themselves. 

9S.  The  method  of  least  squares  gives: 


K#.  1,0  =  —  14.4«?5755070971392 
2,0  =  —    6.777694549121792 
5,0  =  —    6.137552076532687 
6,0  =  —    3.3545S81949244094 
7,  0  =  —  15.45480627627449 
8,0  =  —    3.1706722249919 


4.418545213488288  /  — 0. 184596484695218  /*  ; 
--  1.29619340732401  #  +  0.03673351904703  Pt 
1.4386008690995556  t  —  0. 0392489842  U0802  t* ; 
0.859396839 1938281  /  —  0.003974483972307  t^  - 
4. 3S4908 1620529  t  —  0.24106636098129  f»  ; 
0.724084420669         t  -^  0.0183945864006       f  : 


And  from  these  we  have  the  final  equation  of  the  second  degree 
0  =  —  47.3S106S828942317  -f  13.1217289118325318  t  —  0.4505173312254652  />, 

From  which  I  deduce  4^.223  as  the  value  of  (,  or  the  temperature 
of  the  maximum  density  of  water. 

This  differs  two-tenths  of  a  degree  from  the  determination  of  M. 
Despretz,  a  quantity  which  but  serves  to  show  the  accuracy  of  his 
experiments)  and  of  the  calculations  by  the  method  he  employed. 
Since  4^.223  centigrade  are  equivalent  to  39^.601  Fahrenheit,  and 
it  is  impossible  to  read  to  the  thousandth  of  a  degree,  I  conclude 
that  39^.6  Fahrenheit  is  the  temperature  of  the  maximum  density 
given  by  the  most  exact  researches.  For  ordinary  practical  pur- 
poses, we  may  employ  39^.5  Fahrenheit,  or  4^  centigrade.  In  the 
final  calculations,  I  have  taken  no  account  of  No.  4,  by  reason  of 
the  great  probable  error  by  which  the  mean  equation  is  effected^ 
which  renders  it  proper  that  it  should  be  discarded. 

It  is  interesting  to  know  that  the  temperature  39^^.4  Fahrenheit, 
adopted  by  the  late  Mr.  Ilassler  for  the  construction  of  the  stan- 
dard weights  and  measures  of  the  United  States,  differs  but  two- 
tenths  of  a  degree  from  the  result  of  the  preceding  calculation^  a 
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difference  which  could  not  produce  any  appreciable  errors  lA  those 
standards. 

On  the  dilatation  of  mixtures  of  alcohol  and  water. 

99.  On  this  subject,  perhaps  the  most  difficult  and  extensive  con- 
nected with  the  present  inquiry,  my  researches  have  not  led  me  to 
many  important  results,  nor  assumed  a  shape  sufficiently  definite  to 
be  included  in  this  report.  Neither  have  I  made  any  experiments;, 
because,  to  be  properly  made,  they  should  be  definite  questions 
propounded  to  nature  as  the  witness,  with  particular  objects  in 
view.  Otherwise,  experiments  become  a  mere  waste  of  time  and 
money.  It  is  but  a  few  days  since  I  have  received  from>France 
and  Germany  the  papers  which  contain  the  results  of  similar  re- 
searches made  for  the  governments  of  those  countries;  the  labors 
of  Gilpin  and  Blagden,  for  the  British  government,  have  been  in 
my  possession  from  the  time  nearly  at  which  I  commenced  these 
investigations  in  June  last;  and  I  have  also  collected,  from  the  va- 
rious journals  and  transactions  of  scientific  societies,  much  valuable 
originiaj  matter.  To  discuss  this  mass  of  information  thoroughly^ 
requires  more  time  than  I  have  yet  been  able  to  command;  but,  as 
I  devote  a  considerable  portion  of  my  labor  to  this  branch  of  the  in- 
quiry, I  hope  at  an  early  day  to  be  able  to  report  the  complete  and 
final  results.  The  method  of  discussion  I  follow  is  at  first  graphi- 
cal, that  the  eye  may  aid  in  seizing  the  laws  of  the  phenomena;, 
subsequently,  analysis  serves  to  eive  more  exact  determinations. 

An  interesting  result  at  which  1  arrived,  soon  after  I  commenced 
my  investigation^,  is  presented  by  the  fact  that,  for  all  practical 
purposes,  liquors  containing  more  than  thirty  per  cent,  of  alcohol 
may  be  considered  to  expand  uniformly  for  equal  increments  of 
temperature  of  the  mercurial  thermometer.  This  law  becomes 
more  exact  the  greater  the  per  cent,  of  alcohol  contained,  and  the 
error  is  within  the  limits  of  errors  of  observation,  if  that  per  cent, 
exceed  ninety.  I  was  first  led  to  this  conclusion  by  the  considera- 
tion of  the  circumstance  that  the  first  differences  are  nearly  con- 
stant, and  it  is  fully  verified  by  the  graphic  process.  A  glance  at 
1>late  II  will  be  sufficient  to  convince  any  one  of  the  truth  of  this 
aw;  for  it  shows  that  the  parabola,  which  represents  the  dilatation 
of  very  dilute  aqueous  solutions  of  alcohol,  gradually  passes  into 
a  straight  lifte;  I  have  drawn  the  curves  on  a  large  scale,  of  which 
plate  II  is  merely  a  reduced  copy.  The  researcnes  of  Gilpin  and 
jSlagden  furiiish  the  data  which  I  have  employed  in  this  determi- 
nation. 

Within  a  few  days,  I  have  found,  in  reading  the  report  of 
Tralles  to  the  Prussian  government,  that  he  confirms  the  law  I 
have  just  given,  as  far  as  it  is  applicable  to  absolute  alcohol;  for^. 
in  a  note  by  Gilbert,*  is  stated  that  Tralles  "found  from  experi- 
ments made  with  absolute  alcohol,  that  between  —  15°  and  +  15° 


•jSce  Gilben'8  Annakn  der  Pbysik,  Jahrg.  ISil,  St.  8,  S.  364. 
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•Fahrenheit,  it  expands  as  uniformly  by  heat  as' mercury  or  air. 
The  opinion  hitherto  entertained,  that  alcohol  obeys  a  different  law 
of  dilatation,  is  therefore  to  be  attributed  to  the  water  Wilk'wbich 
it  it  generally  mixed.''  '   ''V.'" 

In  plate  II,  figs.  6,  6,  and  7,  I  have  drawn  tangent  lines,  to  en- 
able the  eye  to  judge  of  the  curvature.  In  fig.  8,  the  tangent 
becomes  coincident  with  the  curve  itself,  which  therefore  has 
passed  into  a  straight  line. 

I  shall  defer  further  remarks  upon  the  subject  of  dilatation  to  a 
future  occasion,  when  I  shall  have  fully  investigated  the  subject; 
and  I  feel  that  they  may  now  be  proper}y  excluded,  as  this  report 
has  attained  a  length  much  beyond  what  I  had  supposed  would  be 
necessary.  I  will  simply  add,  that  I  propose  to  make  a  series  of 
experiments  of  verification  with  thermometers  constructed  of  dif- 
ferent proportions  of  alcohol  and  water,  a  method  which  I  regard 
as  both  the  simplest  and  most  exact. 

On  the  different  proofs  of  spirits., 

'  100.  It  appears  that,  in  nearly  all  countries,  there  is  established 
in  trade  a  system  of  '^proofs^^^  or  commercial  conventional  strengths, 
at  which  spirituous  liquors  are  bought  and  sold.  And  were  not 
these  ^'proofs"  interfered  with  and  modified  by  particular  legisla- 
tion, it  is  not  unlikely  that  there  would  arise  uniform  commercial 
atandards  throughout  the  world.  For  exportation,  it  is  always  de- 
airable  that  liquors  should  be  as  strong  as  possible  to  avoid  payinr 
freight  on  mere  water  of  dilution;  and  water^  which  may  be  found 
any  where,  should  be  added  rather  by  the  consumer  than  the  pro- 
ducer; hence,  each  kind  of  spiri's  will,  if  trade  be  left  to  take  its 
natural  course,  be  furnished  to  foreign  markets  of  but  one  degree 
of  strength,  which  will  be  the  maximum  attainable  without  injury 
to  the  quality.  Of  some  varieties  of  ardent  spirit?,  as  for  instance, 
cognac  brandy  and  the  Kirschwasser  (cherry  brandy)  of  the  Black 
forest,  the  value  depends  upon  the  flavor,  and  the  strength  is  a 
subordinate  matter;  nor  could  such  liquors  generally  be  highly 
rectified  without  injury  to  their  flavor.  But,  as  a  general  rule,  the 
Taiue  of  a  liquor  depends  upon  and  is  proportional  to  the  strength, 
or  the  per  cent,  of  alcohol  it  contains. 

• 

101.  The  necessity  of  proving  in  trade  the  strength  of  ardent 
apirits,  that  the  buyer  may  know  how  much  water  he  is  bargaining 
for,  has  led  to  the  use  of  hydrometers;  and  I  cannot  better  illus- 
trate the  value  of  this  little  instrument  than  by  translating  a  pas- 
aagefrom  the  writings  of  the  Baron  Charles  Dupin:  ^^The  Spaniards, 
who#e  strong  wines  arc  very  well  suited  for  distillation,  endeavored 
to  compete  with  us  in  the  manufacture  of  brandy.  But,  neglecting 
to  measure  the  degree  of  concentration  with  the  hydrometer,  they 
merely  let  fall  from  a  certain  height  a  drop  of  oil  into  the  brandy. 
The  deeper  this  drop  sank;  the  stronger  they  coucWdeA  \.\\^  Y\^cit 
to  bte.    But  30  rough   a  method  constantly  led  iVikeai  vxvVo  «i^\* 
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They  tberirfdVjer  burnished  to  the  foreign  marketn  brandies  of  very 
unequal^degfees  of  strength,  iirhich  gave  their  production  a  very 
l>ad*<fhpiitation,  and  they  were  even  compelled  to  sell  to  ns  at  re- 
d.iLc^tt*  prices.  Then,  with  our  hydrometer«(  we  easily  redneed  their 
*  .JifAhdies  to  the  proper  degree  of  strength,  and  sold  them  for  the 
\*s*ame  prices  as  our  own.  This  commerce  with  the  north  of  Europe 
alone,  caused  us  to  gain  four  millions  of  francs  yearly  before  the 
revolution.  At  present,  the  Spaniards,  haviag  learned  to  use  hy- 
drometers, no  longer  permit  us  to  enjoy  this  benefit.  Hence,  it  is 
easily  seen  what  important  advantages  a  very  simple  little  instru- 
ment may  give  to  certain, nations  in  commerce  and  wealth.  Such 
is  the  practical  value  of  science.*'* 

102.  It  seems  to  me  that  the  proper  policy  to  be  adopted  by  gov- 
ernments, in  levying  duties  on  anient  spirits,  is  so  to  frame  their 
laws  and  regulations  that  they  may  be  adapted  to,  and  not  in  con- 
flict wilh,  the  system  of  strengths  which  would  obtain  in  commerce 
if  there  were  no  duties  to  be  paid.  By  so  doing,  commerce  may 
be  facilitated,  which  otherwise  is  subjected  to  considerable  incon- 
venience. Again,  as  the  tastes  and  habits  of  the  same  country  vary 
with  time,  it  appears  to   me   that   no  one  system   of   commercial 

g roofs  can  be  considered  fixed;  and  therefore  legislation  should 
e  general^  or  independent  of  particular  proofs  and  of  the  hy- 
drometer used,  and  so  devised  that  any  commercial  change  may 
not  be  hindered,  nor  require  the  existing  laws  to  be  modified. 
This  can  be  done  by  levying  duty  on  the  alcohol  contained,  with- 
out regard  to  the  water,  which  is  valueless;  nor  do  I  see  hov  it 
could  be  otherwise  readily  accomplished. 

103.  There  seems  to  be  but  one  degree  of  proof,  or  strength, 
which  is  common  to  nearly  all  countries  except  England;  this  is, 
the  "firpt  proof"  of  the  United  5!%tates,  ^^die  holldndisi he  Prohil^ 
of  Germany,  and  the  ^^fr^uve  d^Hollande^^  of  France.  It  marks 
1Q°  Cartier,  ten  per  cent,  below  hydrometer  proof  of  Dycas,  and 
60  per  cent,  by  volume  of  the  alcoholometer  of  M.  Gay  Lussac^ 
and  it  is  therefore  composed  by  measure  of  equal  parts  of  alcohol 
and  water.  When  spirits  of  this  degree  of  strength  is  briskly  agi- 
tated in  a  flask,  a  series  of  little  bubbles  form  at  the  surface,  and 
it  is  then  said  to  give  a  ^'bead^^^  or  to  be  of  "the  Holland  proof,'' 
or  is  simply  called,  in  general  commerce,  proof  spirit. 

104.  In  France  there  are  found  in  commerce  other  degrees  of 
strength,  which  are  all  referred  to  pcoof  spirit  {prtuve  d^Hollandg^y 
as  a  type.  These  are  called  ^^esprit  trois-cinq^^  (spirit  three-five;) 
^^e$prit  troiS'8iXj^  (spirit  three-six;)  ^^tsprit  trots  septy*^  (spirit 
three-seven;)  and  so  on.  These  terms  signify  that  three  volumes 
diluted  with  water  to  five,  six,  seven,  etc.,  volumes  will  then  be 
of  the  strength  of  Holland  proof,  which  is  the  liquor  of  consump- 
tion.    But  the  duties,  as  I   have  before   stated,  are  levied   by  the 


...  j?^^  ^^'^'w  <?f  ^fcc.  des  Artset  Metiers  et  des  Beaux  Artsj  par  M.  le  Baron  Ch.  Dupio,  u 
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French  gOTernment  on  the  proportion  of  alcohol  hy  volume  con- 
tained in  any  spirit,  without  regard  to  its  commercial  name. 

106.  In  England,  the  laws  of  the  excise  seems  to  have  taken 
precedence,  and  to  have  counteracted  the  influences  of  general 
commerce  entirely.  In  the  language  of  Dr.  Ure,*  *Hhe  inquisi- 
torial regime  imposed  by  law  upon  our  distilleries  might  lead  a 
stranger  to  suppose  that  our  legislators  were  desirous  of  repressing, 
by  every  species  of  annoyance,  the  fabrication  of  the  fiery  liquid 
which  infuriates  and  demoralizes  the  lower  population  of  these 
islands.  But,  alas!  credit  can  be  given  them  for  no  such  moral  or 
philanthropic  motive.  The  necessity  of  the  exchequer  to  raise  a 
great  revenue,  created  by  the  wasteful  expenditures  of  the  State 
on  the  one  hand,  and  the  efforts  of  fraudulent  ingenuity  on  the 
other,  to  evade  the  payment  of  the  high  duties  imposed,  are  the 
true  origin  of  that  regime.  Examinations  in  distilleries  are  con- 
stantly making  by  the  officers  of  the  excise.  There  is  a  survey  at 
6  o'clock  in  the  morning,  when  the  officers  take  their  accounts  and 
gauges,  and  make  calculations  which  occupy  several  hours.  At  10 
o'clock  they  again  survey,  going  over  the  whole  premises,  where 
they  continue  a  considerable  time,  frequently  till  the  succeeding 
officer  comes  on  duty.  At  2  in  the  afternoon  another  survey  takes 
place,  but  not  by  the  same  people.  At  6  in  the  evening  the  survey 
is  repeated;  at  10  there  comes  another  survey,  by  an  officer  who 
had  not  been  engaged  in  any  of  the  previous  surveys  of  that  day. 
He  is  not  relieved  until  6  the  next  morning.  In  addition  to  these 
regular  inspections,  the  distilleries  are  subject  to  frequent  and  un- 
certain visits  from  the  surveyor  and  surveyor  general.  We  are 
never,"  says  Mr.  Smith,  the  eminent  distiller  of  White  Chapel, 
•*out  of  their  hands."  Such  is  the  excise  system  of  Great  Britain. 
And  it  was  the  remembrance  of  the  hardships  and  severities  to 
which  the  British  excise  laws  and  their  violations  had  led,  which 
gave  rise,  at  any  early  period  of  the  history  of  our  government, 
among  the  Scotch  and  Irish  settlers  of  Western  Pennsylvania,  to 
the  insurrection,  which  is  familiarly  known  as  that  of  the  **whiskey 
boys,"  in  consequence  of  an  act  establishing  a  system  of  excise 
with  relation  to  domestic  distilled  spirits.  The  policy  of  Great 
Britain  fieems  to  be  regulated  rather  by  the  excise  than  the  cus- 
toms. Hence,  her  complicated,  artificial,  and  very  imperfect  sys- 
tem rf  "over  proofs"  and  "under  proofs,"  is  peculiarly  her  own. 
Nor  has  it  been  imitated,  except  to  a  certain  liiuited  extent,  in  our 
country;  in  consequence  of  the  adoption  of  Dycas's  Liverpool  hy- 
drometer as  the  standard  of  the  United  States. 

106.  In  Great  Britain,  duty  is  charged  on  ^'  Sikes^s  hydrometer 
proof  spirit  ;^^  and  if  a  liquor  be  not  of  that  degree  of  strength, 
then,  by  act  of  Parliament,  a  calculation  is  to  be  made  by  Sikes^s 
tables  and  hydrometer,  to  obtain  the  "over  proot"  or  "under  proof,*' 
which  is  "the  decimal  multiplier  by  which  the  gauged  content  of  a 
cask  is  to  be  multiplied,"  and  thus  increased  or  diminished  so  as  to 

^See  Dictionary  of  Arts  ftod  Manufactures,  p.  403 •>  Loudon,  \%\Q. 
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reduce  it  to  hydrometer  proof  spirit;  upon  which  calculated  vo- 
lume the  duty  is  then  to  be  paid.  To  determine  what  constitutes 
Sikes's  hydrometer  proof  spirit,  we  have  the  definition  of  the  act 
of  Parliament;  that  at  51  degrees  of  Fahrenheit  it  weighs  twelve- 
thirteenths  of  the  weight  of  an  equal  bulk  of  water.  In  decimal 
fractions  12:13  =  0.923007,  which  is  therefore  the  specific  gravitv, 
if  water  be  taken  at  the  same  temperature  as  unity.     This  specific 

fravity,  reduced  to  59^  Fahrenheit,  becomes  0.920  nearly;  which, 
J  the  table  of  Marozeau*  for  densities  corresponding  to  the  in- 
dications of  Gay  Lussac^s  alcoholometer,  gives  68  per  cent,  by  vo- 
lume, as  the  proportion  of  alcohol  in  Sikes's  hydrometer  proof 
spirit. 

107.  In  the  United  States,  Dycas's  L-verpooT hydrometer  seems 
to  have  come  into  use  in  the  following  manner:  It  was  employed 
in  the  States  at  the  time  of  the  formation  of  the  federal  Union, 
and  was  therefore  adopted  by  pur  government  by  act  of  Congress 
approved  August  10,  1790.  In  that  same  act  I  find  spirits  divided 
into  six  classes, t  namely:  1st,  "distilled  spirit  of  more  than  ten 
per  cent,  below  proof,  according  to  Dycas's  hydrometer;"  2d,  **if 
more  than  five  and  not  more  than  ten  per  cent,  below  proof,  accord- 
ing to  the  same  hydrometer;"  3d,  "it  of  proof,  and  not  more  than 
five  percent,  below  proof,  according  to  the  same  hydrometer;"  4th, 
**if  above  proof,  but  not  exceeding  twenty  per  cent,  according  to 
the  same  hydrometer;"  5th,  "if  of  more  than  twenty  and  not  more 
than  forty  per  cent,  above  proof,  according  to  the  same  hydrometer;" 
6th,  "if  ihore  than  forty  per  cent,  above  proof,  according  to  the 
same  hydrometer."  By  act  of  Congress,  approved  March  3,1791, 
it  is  enactedj  that  these  six  "several  kinds  of  pr.oof  shall  be  dis- 
tinguished, corresponding  with  the  order  in  which  they  are  men- 
tioned, by  the  words  "first  proof,"  "second  proof,"  "third  proof," 
"fourth  proof,"  "fifth  proof,"  "&ixth  proof;"  "and  that  it  be  the 
duty  of  the  Secretary  of  the  Treasury  to  provide  and  furnish  to 
the  oflScers  of  inspection  and  of  the  customs  proper  instruments 
for  ascertaining  the  said  several  proofs."  This  system,  thus  estab- 
lished by  law,  has  not  since  been  disturbed;  and  although  the  Se- 
cretary of  the  Treasury  is,  by  act  of  Congress  approved  January 
10,  1825,  "authorized  to  adopt  and  substitute  such  hydrometer  as 
he  may  deem  bt  st  calculated  to  promote  the  public  interest,  in  lieu 
of  that  now  prescribed  by  law,  for  the  purpose  of  ascertaining  the 
proof  of  liquor,"  no  change  has  taken  place.  And  this  may  per- 
haps be  owing  chiefly  to  the  fact,  that  no  appropriation  has  ever 
been  made  to  enable  the  Secretary  of  the  Treasury  to  carry  this 
law  into  effect,  by  causing  proper  investigations  to  be  made  by 
competent  persons.  At  the  time,  when  Dycas's  hydrometer  was 
adopted  by  our  government,  it  was  perhaps  the  most  perfect  in- 
strument known;  but  this  superiority  it  has  long  since  lost,  and  it 

*See  Encyc^lopedia  of  Ckemistr j,  hj  Messrs.  Booth  and  Bove — art.  Alcoholometer,  page 
96.  Pbiiadelpdia,  i844. 

fSee/,aw3  of  the  United  States,  vol.  2,  pave  176,  chap.  66,  sec.  1. 
;fSb9  ibid,  vol,  2,  page  2i5,  ciiap.  89,  tec.  37. 
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is  now  u  far  inferior  to.  the  centesioial  aloolioloiiettr  of  M.  Q%j 
Lassac  as  it  was  then  superior  to  the  instrument  of  Clarkey  which 
it  supersedejd.  I  do  not  consider  the  hydrometer  of  Sikes  more 
perfect  than  that  of  Dycas;  and,  indeed,  it  is  more  uncertain,  if 
constrncted  by  ordinary  workmen,  in  consequence  of  the  fact  that 
the  weights  are  immersed. 

108.  The  language  "ten  per  cent,  above  proof,"  "twenty,  thirty, 
forty,  etc.,  per  cent,  aftowe  or  t^/otx?  proof,"  for  Dycas's  hydrometer, 
is  not,  as  would  be  generally  supposed,  synonymous  with  the  cor- 
respondinglanguage,  "ten  per  cent,  over  or  under  proof,"  for  Sikes's 
hydrometer.  It  varies  in  signification,  not  only  because  the  proofs 
of  these  hydrometers  do  not  correspond  to  the  same  strength  of 
spirits,  but  also  materially  in  itself.  The  "over  proof"  and  **un- 
der  proof"  of  Sikes  is  the  quantity  per  cent,  by  which  the  guaged 
contents  of  a  cask  is  to  be  multiplied,  to  reduce  it  to  the  equivalent 
<{uantity  of  hydrometer  proof  spirit.  But  the  "percent,  above  or 
Ibelow  proof"  of  Dycas  is  the  quantity  of  water  which  may  be  add- 
ed to  or  subtracted  from  the  liquor,  to  reduce  it  to  liquor  of  the 
strength  of  proof.  Now,  these  quantities  are  not  the  same;  for 
when  alcohol  and  water  are  mixed,  a  molecular  attraction  or  con- 
densation takes  place,  which  renders  the  volume  of  the  mixture 
considerably  l^ss  than  the  sum  of  the  volumes  of  the  liquids  mix- 
«d;  and  this  condensation  may  amount  to  more  than  three  and  a 
half  per  cent. 

109.  Although  the  above-described  system  of  proofs  has  been 
for  more  than  fifty  years  established  by  law  for  levying  duties  on 
foreign  spirits  imported  into  the  United  States,  it  does  not  appear 
to  be  in  harmony  with  ''the  mercantile  system;  and  has  therefore 
been  rejected  in  commerce.  In  New  York,  a  single  proof  has  been 
by  law  adopted,  and  duties  are  laid  on  strengths  shown  directly  by 
Southworth's  hydrometer  in  per  cent,  above  and  below  this  proof. 
In  Boston,  a  hydrometer  has  been  brought  forward  by  Messrs. 
Tucker  and  Dwelle,  apparently  copied  from  that  of  Sikes,  but 
which  is  based  upon  proof  spirit  of  "the  American  mercantile 
standard,"  which  seems  to  be  the  first  proof  of  the  United  States, 
or  Holland  proof  of  Europe.  In  Philadelphia,  by  law  of  the  State 
of  Pennsylvania,  passed  April  15,  1836,  it  is  enacted,  "that  if  the 
liquor  shall  be  hydrometer  proof,  (by  Dycas's  hydronaeter,)  it 
shall  be  marked  as  liquor  of  the  fourth  i^roof;  if  five  de- 
grees below  hydrometer  proof,  it  shall  be  marked  as  liquor  of 
the  third  proof;  if  the  liquor  shall  be  ten  degrees  below  hy- 
drometer proof,  it  shall  be  marked  as  of  the  second  proof;  if  it 
shall  be  fifteen  degrees  below  hydrometer  proof,  it  shall  be  marked 
as  of  tbe  first  pfoof."  In  Baltimore,  I  am  informed  that,  by  act 
of  the  legislature  of  Maryland,  the  gangers  are  required  to  mark 
on  each  cask  its  contents  reduced  to  "first  proof  spirit,  (United 
States  standard,)  to  certify  the  same  to  tbe  vendor,  and  to  give  no 
other  information.  Hence  it  would  seem  that,  with  the  exception 
of  "first  proof"  spirit,  the  standards  established  by  law  ^r^  a.xhv- 
trtr/,  Mb d  that  tbey  might  even  be  abolished,  anA  a.  JLvS^ii^ivV  ^xi^ 
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fimpleir  system  adopted,  without  incontenienoe  in  confmerte,  and 
with  advantage  in  the  revenue.  Before  recommending^  however, 
^B J  particular  change  in  the  existing  regulations,  it  is,  m  mj  opin** 
ion,  expedient  to  consult  the  views  and  wishes  of  merchants  who 
are  well  informed  upon  these  subjects,  and  who  have  imported 
large  quantities  of  spirits  from  foreign  countries. 

Experiments  of  comparison  of  several  of  the  hydrometers  used  for 

spirits, 

110.  The  temperatures  were  observed  by  three  diff^ent  thermo- 
meters, one  of  the  centigrade  scale,  made  by  Qreiner,  of  Berlin; 
another  by  Bate,  the  hydrometer  maker  to  the  revenue  of  Great 
Britain;  and  a  third  by  Fisher,  of  Philadelphia;  the  two  last 
belongiug  to  the  hydrometers  of  Sikes  and  DyCas  used  in  the  ex- 
periments. To  verify  their  zero  points,  the  thermometers  were 
placed  at  the  same  time  in  pure  melting  ice,  and  were  found  to  be 
stationary  at  the  following  points:  Greiner,  at  +  1^  centigrade; 
Bate,  at  34°.5  Fahrenheit;  Fisher,  at  33^  Fahrenheit.  The  errors 
of  the  zero  points  are  therefore,  respectively,  -f-  1®  centigrade, 
2°.5  Fahrenheit,  and  1°  Fahrenheit.  Two  sets  of  observations  were 
then  made,  one  for  a  constant  temperature  varying  the  strength, 
and  another  for  variable  temperatures  and  a  constant  degree  of 
strength.  The  following  are  the  observations,  exactly  as  they  were 
made. 

111.  The  temperature  being  nearly  constant,  and  the  strength 
variable,  descendinsr: 
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*  So  inclined,  owing  to  want  of  symmeiry  of  fornix  as  to  render  reading  impfactioablo. 

These  observations  were  made  under  the  most  favorable  circum- 
ounces;  for  both  the  temperature  and  de.^ree  of  strength  were  in  a 
statical  condition  at  the  time  of  reaAlnfj,    Iti  \\^%  ioWWvii^  w\^^^ 


107 


[50] 


^bowcTer,  the  tempertture  was  in  a  dynamical  condition,  with  but 
three  exceptions. 

112.  The  manner  in  which  the  influence  of  temperature  was  oV- 
served  in  these  experiments  was  by  enclosing  the  bell  glasSj  (a 
large  one,)  containing  the  alcoholic  solution,  in  another  much 
larger  one,  and  then  filling  the  intervening  space  first  with  hot 
water,  and  subsequently  with  melting  ice.  The  temperature  and 
the  indications  of  the  different  hydrometers  were  read  off  before 
adding  the  hot  water  or  the  ice,  when  the  whole  was  in  a  statical 
condition,  and  again  after  the  mixture  and  the  apparatus  had  ac* 
quired  the  temperature  of  the  room.  When  the  temperature  of  the 
liquor  was  in  a  dynamical  state,  it  was  impracticable  to  read  all 
tjie  hydrometers  before  the  thermometer  indicated  a  different  de- 
gree; it  was  therefore  not  attempted;  and  greater  accuracy  was  at- 
tained by  reading  several  at  intermediate  temperatures.  No  ob- 
servations were  made  until  sufficient  time  had  elapsed  to  allow  an 
equilibrium  to  take  place  of  the  ascending  and  descending  currents 
of  different  density,  except  in  so  far  as' they  might  be  produced  by 
the  temperature  of  the  room  and  of  surrounding  bodies. 
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33^.4 
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■  ■ . « 
26. 

81*7 

8L 

80. 

78.7 

76. 

7S. 

84. 

81.7 

ftoV 
76.6 
76. 
75. 

90,^ 

89.8 

88.8 

as. 5 

88.6 

1 
90. 5f     ,.., 
89.8      .... 

89!4      I'M 
S9,       88.2 
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307.6 

306.' 
302.4 
303.3 

301. 

10.7 
12. 

13.3 
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13.8 

3s'i 

38. 
38. 

35^ 
34.5 

34^3 

34!' 
34. 

1$.T 

e7,d 

68. 

87.2 

87.1 

86.6 

291. 

16.81    37.^ 

33.6 

33. 
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11. 

17, 
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60. 
60.T 

S3« 
33. 
40  < 
43. 
46. 

59. 
60. 
60.5 

82, 

83, 

83.4 

S3. 9 

84a 

85, 

85.7^ 

S6. 

86.1 

S2.S 
83. 

83.^ 
84. 

84.^ 

86. 
86.2 

81^ 

83!5 

83*3 

262.8 

272. 

273.5 

275.7 

277.3 

282.] 

284.5 

286. » 

24. {( 
22.7 
22.1 
21.4 
20.9 
19.2 
18.7 
IS. 2 
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35.2 

35.4 

35.fr 

36. 

36.2 

sa.3 

S1.3 

32^5 
33. 

33^6 

10.5 
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67.5 

87. 

87.1 

86.  Q 

291*2 

16.6     37.2 

33.9 

33.3 

*  ScmIb  warped  so  that  it  oooid  not  \m  u««d. 
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I  hare  felt  at  a  lois  to  account  for  the  cloie  accordanoe  in  ihtie 
experiments  of  the  indications  of  temperature  given,  reipectiTely, 
by  the  thermometers  of  Bate  and  Fisher;  and  I  feel  inclined  to  sus- 
pect the  observation  of  the  zero  point  of  Bate's  thermometeri  as 
stated  in  article  110,  of  inaccuracy.  But  I  was  not  at  the  time 
aware  of  any  error,  if  it  occurred,  as  I  now  suppose  it  probably 
did.  The  centigrade  thermometer  of  Greiner  was  a  laboratory  ther- 
mometer, not  of  sufficient  sensibility  to  be  read  accurately  within 
a  quarter  of  a  degree. 

The  alcoholometer  of  M.  Gay  Lussac,  made  by  M.  CoUardeau, 
who  'is  the  hydrometer  maker  to  the  French  government,  appears 
to  be  one  which  was  manufactured  several  years  ago;  and.it  was 

Srocured,  I  believe,  for  the  Treasury  Department,  by  the  late  Mr. 
assler.  I  have  recently  imported  another  instrument  of  the  same 
kind,  and  by  the  same  maker,  and  I  find  them  to  a^ree  perfectly 
in  their  indications.  The  two  alcoholometers  of  Gay  Lussac,  which 
I  have  recorded  as  of  the  make  of  M.  Pixii,  are  of  very  inferior 
workmanship;  they  are  not  marked  with  any  name,  and  1  attribute 
them  to  M.  Pixii  solely  because  I  was  told  by  the  importer  that 
they  are  of  his  manufacture,  but  I  may  not  have  been  correctly  in" 
formed.  The  pe3e- esprit  of  Beaum^,  which  I  have  set  down  asof 
the  manufacture  of  M.  Pixiij  bears  his  name  upon  its  scale. 

113.  To  render  the  preceding  comparative  observations  more  dis- 
tinct; I  have  reduced  the  indications  of  the  hydrometers  of  Sikes, 
Dycas,  and  Gay  Lussac,  of  the  first  series  of  experiments,  to  their 
equivalent  per  cent,  by  volume  of  absolute  alcohol.  Their  discre- 
pancy is  thus  rendered  manifest. 


Gay  Lussac. 

Dyc^. 

Sikes. 

Gay  Lussac. 

Dycas. 

Sikes. 

- 

75.9 

77.7 

52.5 

53. 

53. 

68.6 

68.2 

•9. 

46.7 

47.4 

47- 

64.8 

64.5 

65.5 

39.3 

39.9 

39. 

61.7 

61.8 

62.9 

35.3 

36.1 

35 

66.3 

56.5 

56. 

I  do  not  think  there  can  be  any  doubt  which  of  these  instruments 
is  the  most  exact,  for  the  high  and  well-earned  reputation  of  M. 
Gay  Lussac  at  once  claims  for  his  researches  our  credit,  apart  from 
the  simplicity  of  his  hydrometer,  and  its  consequent  perfection. 
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-«.  From  the  second  series  of  observations,  and  the  tablea  of 
M.  Gay  Lussac  for  mixing  liquors,  I  derive  the  data  for  the  fol- 
lowing comparison  of  the  reduced  indications  of  the  hydrometer  of 
Gay  Lussac  and  Dycas: 
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Gay  Lome. 

DyoM. 

Qay  LosMU). 

DyoM. 

Gay  IfUnao. 

Dyoat. 

Pwoest. 

Over 

Of«r 

P«r  oent. 

Over 

Over 

P^  oent. 

Over 

Over 

by  vol. 

proof. 

proof. 

by  vol. 

proof. 

proof. 

by  vol. 

proof. 

proof. 

86.  le 

54.6 

50.6 

86.16 

54.5 

50.7 

86.06 

54.3 

51.5 

86.76 

55.6 

51.5 

85.81 

53.9 

49.7 

86.4 

54.9 

51.8 

86.4 

54.9 

51. 

86.05 

54.3 

50.6 

85.75 

53.8 

6P.S 

86.S 

54.6 

50.7 

86.2 

54.6 

51.9 

85.85 

54. 

50.3 

86.25 

54.6 

50.7 

86.35 

54,9 

51.7 

85.9 

54.2 

50. 

86.15 

54.5 

51.3 

86.35 

54.9 

51.7 

85.9 

54.2 

It  ftppeari,  therefore,  that  there  is  a  discrepancy  of  these  ia- 
strame&ts  for  spirits  of  the  strength  used  in  the  experiments  of 
nearly  4  per  cent.  An  equation  for  penetration  or  condensation 
would  cause  these  "over  proofs"  to  accord  very  closely,  but  auch 
aa  equation  is  not-admissible  for  Dycas's  hydrometer. 

115.  In  conclusion,  I  would  add,  that  it  seems  to  be  desirable, 
that  a  series  of  accurate  chemical  analyses  sjiould  be  made,  with 
the  view  of  determining  the  nature  and  quantities  of  vegetable  ex- 
tractive matter  contained  in  the  various  distilled  spirits  of  com- 
merce,  and  the  consequent  influence  exerted  upon  the  density. 
The  Qse  of  hydrometers  assumes  this  influence  to  be  inappreciable; 
but  I  do  not  find  published  experiments  upon  which  I  can  rely, 
though  I  doubt  not  such  have  been  made  by  M.  Gay  Lussac  and 
others. 

Respectfully  submitted,  by 

RICHARD  S.   McCULLOH. 

Professor  A.  D.  Bachb. 


A.. 

Philadelphia,  August  1,  1843. 

Sib:  Agreeably  to  your  request,  made  known  to  us  through  Dr. 
D.  B.  MoGinley  and  Mr.  T.  Stewart,  we  have  undertaken  the 
analysis  of  the  specimens  of  molasses  sent  to  us  by  them,  and  have 
endeavored  to  devise  a  practical  method  of  determining  the  quanti- 
ties of  crystallizable  sugar  contained  in  them.  About  to  close  our  la- 
boratory until  the  1st  of  SepteiLber,  we  offer  you  at  present  our  results 
in  regard  to  the  specimens  handed  to  us.  But,  in  order  to  understand 
the  difficulties  attending  the  ctntrivance  of  a  method  for  ascertain- 
ing the  quantity  of  crystallizable  sugar  present,  permit  us  to  make 
the  few  following  remarks: 

Sirups  and  molasses  contain  at  least  two  varieties  of  sugar,  which 
we  will  distinguish  by  the  names  of  crystallizable  and  uncrystal- 
izable,  or  molasses  sugar,  (sometimes  termed  caramel.)  The  first 
may  be  obtained  from  its  solution  in  solid  fonH)  eilhet  ^s  ^xv  ^^%t^ 


£50] 


110 


gatioB  of  nnall  cry^als,  atf  in  loaf  sugar;  or  in  large  crystals,  as 
in  sugar  candy;  or  more  impure,  as  small  colored  and  loose  crys* 
talline  grains,  constituting  the  different  varieties  of  brown  sugar. 
(AH  brown  sugars  may  be  refined  into  loaf  sugar,  if  it  otherwise 
pays  the  trouble  in  an  economical  point  of  view.)  Molasses  sugar, 
on  the  other  hand,  is  soluble  in  water,  in  all  proportions,  and  im- 
parts therefore  a  richer  sweetness  to  it;  nor  can  it  be  obtained  in  a 
solid  state,  excepting  by  evaporating  its  water  at  a  higher  tempera* 
ture,  when  it  forms  a  fused  mass,  which  solidifies,  on  cooling,  into 
a  brown,  hard,  and  glassy  mass;  it  again  softens  in  the  air  by  at- 
tracting moisture.  These  two  varieties  of  sugar  are  ascertained  to 
be  entirely  distinct  in  their  composition  and  behavior  to  tests. 
Very  slight  chemical  causes  will  convert  the  former  into  the  latter, 
such  as  h«at,  acids,  alkalies,  albuminous  and  other  nitrogenized 
substances,  such  as  are  found  in  vegetable  juices;  while  the  latter 
has  never  been  restored  to  the  former  or  crystallized  state.  Now, 
where  the  two  are  mingled  together,  as  in  most  molasses  and- 
sirups,  the  viscid  nature  of  the  uncrystallizable  sugar  impedes  the 
separation  of  the  other  in  a  crystalline  state;  the  presence  of 
foreign  matter,  such  as  sacchulmine,  gum,  extractive  matter,  etc., 
forms  an  increased  hinderance  to  the  separation  of  crystallized 
sugar,  its  particles  being  prevented  from  uniting.  In  attempting 
the  removal  of  these  ingredients  by  chemical  means,  the  reagents^ 
are  very  apt  to  convert  the  crystallizable  sugar  into  molasses  sugar 
— thus  defeatirig  the  object  in  their  separation.  You  will  hence 
perceive  the  difficulties  of  contriving  a  practical  process  for  the 
quantitative  estimation  of  crystallizable  sugar  in  molasses  and 
sirups,  which  has  not  yet  fully  succeeded,  notwithstanding  the  val- 
uable prizes  offered  by  governments  and  scientific  bodies  to  effect 
this  object. 

It  is  also  evident,  from  the  preceding  remarks,  that  their  value, 
for  the  purpose  of  extracting  crystallizable  sugar  from  them,  de- 
pends not  only  on  the  actual  amount  of  the  latter  in  them,  but  also 
inversely  on  the  amount  of  foreign  substances;  while,  on  the  other 
hand,  molasses,  as  such,  improve  in  quality  by  the  extraction  of 
the  crystallizable  ^ugar,  which,  by  separating,  impair  their  trans- 
parency, while  the  purification  which  they  undergo  for  its  separa- 
tion imparts  to  them  a  richer  color  and  taste. 

We  subjoin  the  following  table,  as  exhibiting  the  results  of  our 
experiments; 
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Ib  regard  to  the  first  horizontal  colamni  it  may  be  remarked^ 
that  ix^  those  specimens  where  sugar  had  settled  at  the  bottom,  it 
was  carefully  stirred  up  with  the  mola8se«|  before  takitig  portions 
either  for  ascertaining  the  specific  gravity,  or  for  determining  the 
amount  of  crystallizable  sugar,  &c.  The  specific  gravity  of  the 
supernatant  molasses  would  of  course  be  somewhat  lower.  The 
second  horizontal  column  is  calculated  from  the  first,  and  gives  the 
true  average  weight  of  a  gallon  of  the  whole  hogshead.  Columns 
3  and  4  give  the  comparative  amount  of  extractive  and  other  for- 
eign matter,  and  of  crystallizable  sugar,  in  100  parts  of  the  mo- 
lasses. These  numbers  must  not  be  considered  as  determined  with 
such  scientific  accuracy  as  can  be  obtained  in  other  experiments, 
but  still  to  be  near  e;iough  to  the  truth  to  afford  a  good  comparison, 
for  practical  purposes,  of  their  content  of  crystallizable  sugar.  The 
last  horizontal  column  expresses  the  apparent  purity  of  the  sugar^ 
as  we  obtained  it  in  our  experiments  from  the  different  specimens. 

Specimens  Nos.  2,  3,  13,  and  15,  exhibited  no  appearance  of  any 
deposition  of  sugar  in  them.  In  No.  21  there  is  a  slight  deposi- 
tion, and  also  a  small  one  iu  Nos.  1,  10,  20,  and  19,  while  the  de- 
position in  Nos.  4  and  5  is  more  considerable,  and  quite  large  in 
No.  6. 

The  greater  or  less  specific  gravity  depends  on  the  quantity  of 
uncrystallizable  sugar,  and  foreign  matter,  both  of  which  are  more 
soluble  than  crystallizable  sugar,  and  therefore  increase  as  the  mo- 
lasses are  concentrated.  The  more  of  the  molasses  sugar  they  pos- 
sess, the  higher  is  therefore  their  specific  gravity,  (column  1;)  the 
greater  the  amount  of  foreign  matter,  (column  3;)  and  the  smaller 
the  amount  of  crystallizable  sugar,  (column  4;)  and  in  the  same 
proportion  is  the  latter  more  difficult  to  separate,  and  of  inferior 
quality,  (column  5). 

We  have  been  informed,  from  respectable  sources,  that  the  man- 
ufacture of  inferior  sugars  from  West  India  molasses  has  been  car- 
ried on  formerly  when  brown  sugar  sold  at  a  high  price.  The 
amount  obtained  was  from  30  to  35  per  cent,  but  it  was  only  from 
such  molasses  as  had  not  been  left  long  enough  to  deposite  all  its 
sugar,  or  from  lack  of  strength  in  the  sugar,  or  from  carelessness, 
had  carried  away  with  it  the  finer  particles  of  the  sugar.  The 
highest  amount  obtained  was  35  per  cent,  while  some  of  the  New 
Orleans  molasses  were  said  to  yield  none.  Another  not  unimpor- 
tant object  in  this  manufacture  is  the  improvement  of  the  molasses 
by  the  separation  of  the  sugar  and  the  purification  which  it  under- 
goes for  the  purpose,  as  mentioned  above. 

We  are  indebted  to  Mr.  T.  Stewart  and  Dr.  D.  B.  McGinley  for 
the  following  information  in  regard  to  the  amount  of  sugar  ob- 
tained from  molasses,  as  carried  on  at  the  present  time  in  this  city. 
Cienfuegos  (Cuba)  molasses,  weighing  11^  pounds  to  the  gallon, 
yielded  from  400  to  500  pounds  of  sugar  to  the  hogshead.  Sup- 
posing the  hogshead  to  contain  125  gallons^  this  would  be  from  27 
to  31  per  cent.  A  single  hocrshead  of  the  same  cargo  should  have 
yielded  as  mvich  as  600  pounds,  or  about  41  per  cent.     Other  (Por- 
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to  Rico)  molasses  yield  3  to  4  pouods  to  the  gallon,  or  from  26  to 
34  per  cent.  The  better  varieties  of  molasses  sugar  are  worth  6 
•cents  per  pound.  The  molasses  lose  about  one-third  by  this  process. 

Respectfully  yours, 

JAMES  C.    BOOTH, 
MARTIN  H.  BOYE. 
Cai^vin  Blythe,  Esq., 

Collector  of  the   port  of  Philadelphia. 
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Constructed  by  M.  FrancfBur^  showing  the  correspondence  of 
the  degrees  o/BeaumVs  hydrometers  with  specific  gravities 
at  54  i^  Fahrenheit. 
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Showing  the  discordant  results  of  different  observers,  obtniried 
by  experimental  comparison  of  Beautn6''s  hydrometers  with 
specific  gravities  at  54^°  Fahrenheit. 
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appears  to  have  taken  place,  as  shown  by  the  reports  from  the  CM- 
tom-housts,  contained  in  Senate  document  No.  12,  28th  Congress, 
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2d  session y  to  which   the  Senate  is  respectfully  referred,  as  con- 
nected with  this  subject. 

From  the  reports  and  accompanying  documents  now  presented 
by  the  collector  of  New  YorJt,  (Nos.  8,  9,)  to  which  port  the  par- 
ticular attention  of  the  department  was  called  by  representations- 
made  by  Mr.  W.  F.  Wilkins,  and'  the  certificate  of  dealers  in  mo- 
lasses, submitted  by  Messrs.  Holt  &  Owen,  (No.  20,)  it  will  be  ob- 
served that,  while  the  officers  of  the  customs  and  persons  in  trade 
concur  in  the  opinion  that  the  importations,  in  regard  to  which  the 
special  inquiry  and  examination  were  directed,  were  generally  re- 
cognized and  known  in  trade  as  molasses,  the  chemical  analyses  of 
Dr.  Chilton  and  Dr.  Thomas  show  that  proportions  as  high  a» 
68.25  per  cent,  of  crystallizable  or  cane  sugar  were  contained  in 
4  some  specimens  of  the  articles  so  recognized  in  trade.  In  regard 
to  these  importations,  Dr.  Chilton  states  that  in  his  analyses,  dur- 
ing the  last  three  or  four  years  past,  of  various  samples  of  molasses 
which  had  come  to  the  port  of  New  York  from  Cuba  and  other 
ports  of  the  West  Indies,  he  almost  uniformly  found  them  to  con- 
tain from  65  to  75  per  cent,  of  pure  saccharine  matter,  although 
not  all  in  a  crystallizable  state;  and  that  the  articles  of  Nuevitas 
molasses,  the  subject  of  the  recent  special  examination,  were  found 
to  be  nearly  the  same  as  those  he  had  previously  analyzed. 

The  report  of  Professor  McCulloh,  now  submitted,  (A,)  will  be 
found  to  contain  much  to  illustrate  the  subject.  It  is  the  second 
of  a  series  of  reports  by  Mr.  McCulloh^  the  first  presenting  much 
valuable  information,  being  contained  in  Senate  document  No.  165^ 
28th  Congress,  2d  session,  and  the  third  and  final  report  being  now  . 
in  course  of  preparation.  Until  the  completion  of  the  views  on  , 
this  important  subject  to  be  offered  to  the  department,  it  is  not 
deemed  advisable  to  submit  any  suggestion  as  to  further  legisla- 
tion. From  the  close  likeness  of  sirop  de  batterie  to  molasses  of 
a  good  quality,  as  shown  in  the  reports  submitted,  the  iormer,  in 
some  instances,  and  fo  a  small  extent,  may  hhve  been  passed  for 
the  latter  article.  Under  the  increased  vigilance  of  the  custom* 
house  officers  now  exercised,  it  is  not  likely  that  cases  of  a  similar 
nature  can  again  occur  while  the  present  tariff  is  in  force;  and  the 
new  tariflF  act,  which  will  go  into  operation  t>n  the  1st  of  Decem- 
ber next,  by  placing  sirups  and  molasses  under  the  same  rate  of 
duty,  will,  it  is  conceived,  effectually  remove  any  incentive  to  at- 
tempts at  fraud  or  evasion  of  the  legal. duty  on  the  articles  in  ques- 
tion. 

All  which  is  respectfully  submitted. 

R.  J.  WALKER, 
Secretary  of  the  Treasury^ 

Hon.  George  M.  Dallas, 

Vice  President  of  the  United  States^ 

a7id  President  of  the  Senate. 
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A.     • 

Office  of  Weights  and  Measures, 

July  28)  1846. 

Sir:  I  have  the  honor  to  transmit  a  report  from  Professor 
Richard  S.  McCulloh,  charged  by  the  department  with  researches- 
in  regard  to  sugars,  sirups,  &c.,  furnishing  information  upon  the 
subject  referred  to  in  the  resolution  of  the  Senate  of  June  26th,  in 
relation  to  the  importation  of  sirups  as  molasses. 
Very  respectfully,  yours, 

A.  D.  BACHE, 
Supt.  Weights y  Measures^  and  Balances^ 
Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury. 


Philadelphia,  July  20,  I84&v 

Sir:  In  reply  to  your  letter  of  the  16th  instant,  requesting  me 
te  furnish  whatever  information  I  may  have  obtained  in  relation  to 
the  chemical  nature  of  substances  imported  into  the  United  States 
under  the  name  of  molasses,  and  with  the  view  of  defrauding  the 
revenue,  I  respectfully  submit  the  following  report: 

It  has  been  alleged,  as  you  are  aware,  that  large  quantities  of 
sirup,  composed  of  sugar  dissolved  in  water,  or  of  concentrated 
ctne  juice  from  which  sugar  has  not  been  manufactured,  are  im- 
ported into  the  United  States  under  the  name  of  molasses;  also^ 
that  these  sirups  are  afterwards  evaporated,  and  the  sugar  thus  ob- 
tained either  sold  as  muscovado,  or  refined,  and  sometimes  even 
exported  with  allowance  of  drawback.  And  in  this  manner,  it  i» 
supposed,  extensive  frauds  are  perpetrated  on  the  revenue. 

by  reference  to  Senate  Document  No.  12,  2d  session  28th  Con-  ^ 
gress,  it  will  be  seen  that  the  Hon.  J.  C.  Spencer,  then  Secretary 
of  the  Treasury,  by  &  circular,  dated  May  12,  1813,  called  the  par- 
ticular attention  of  the  collectors  of  the  principal  ports  to  ttissub* 
ject,  and  directed  them  tq  cause  examinations  and  analyses  to  be 
made  to  detect  any  frauds  that  might  be  committed.  By  the  same 
document  it  also  appears  that  this  duty  was  fully  and  faithfully 
discharged  by  the  revenue  officers,  and  that  much  valuable  infor- 
mation was  in  consequence  obtained,  all  of  which  is  given  in  de- 
tail in  the  document  above  cited. 

Statements  bad  been  made,  by  persons  supposed  to  be  practically 
familiar  with  such  subjects,  that  sirup  of  sugar,  or  concentrated 
cane  juic^,  would  be  found  to  be  heavier  than  molasses;  and,  there- 
fore, that  if  the  duty  on  molasses  were  levied  per  pound  instead 
of  by  gallon,  such  frauds  as  the  abovementioned  would  be  rendered 
impracticable.  In  consequence  of  these  statements,  the  duty  of 
four  and  a  half  mills  per  pound  was  laid  on  molasses  by  the  tariff 
act  of  1842,  instead  of  a  duty  levied  per  gallon,  as  before. 

Not  the   least  valuable   result  arrived   at  by  the  \u\t«V\^^lvQU% 
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^hich  were  Boade  in  obedience  to  the  abovementioned  circular  of 
the  Secretary  of  the  Treasury  was  the  knowledge  that  the  above 
statements,  which  caused  a  change  in  the  mode  of  levying  duty  on 
molasses,  had  been  made  in  ignorance  and  error;  for  the  specimens 
of  molasses  which  were  examined  were  found  to  be  specifically 
heavier  than  those  of  sirup,  with  which  they  were  compared. 
And,  also,  it  was  observed  that  of  any  two  varieties  of  motassesi 
that  containing  the  larger  proportion  of  crystallizable  sugar  had 
usually  the  least  specific  gravity. 

But  though  the  inquiries  instituted  by  the  Secretary  of  the 
Treasury  led  to  such  important  facts  as  I  have  just  mentioned,  they 
failed  to  expose  any  frauds,  and  seemed  to  render  the  existence  of 
fraudulent  importations  of  sirup  highly  improbable.  The  large 
importations  and  seizures  of  sirup  at  New  Orleans,  in  1831,  having 
aroused  the  vigilance  of  the  officers  of  the  revenue,  and  caused 
suitable  legislation  by  Congress,  it  is  most  unlikely  that  any  exten- 
sive frauds  had  been  even  attempted. 

But  the  Treasury  Department,  not  content  merely  with  the  lim- 
ited examinations  it  had  caused  to  be  made,  by  a  circular  addressed 
August  12,  1845,  by  the  First  Comptroller,  to  the  collectors  of  the 
ports  of  New  York,  Philadelphia,  Boston,  and  Baltimore,  directed 
them  to  have  specimens  taken  of  every  lot  or  cargo  of  molasses 
which  should  arrive  from  any  foreign  port  within  sixty  days  after 
the  receipt  of  the  circular,  and  to  send  those  specimens  to  me  in 
Philadelphia  for  chemical  analysis. 

In  making  these  and  other  scientific  researches,  I  h^ve,  as  you 
are  aware,  been  assisted  by  J.  B.  Reynolds,  esq.,  a  young  chemist 
of  great  ability,  and  whose  analyses  are  entitled  to  entire  confi- 
dence, both  by  reason  of  his  careful  manipulations  and  the  expe- 
rience he  has  acquired  in  optical  analysis.  And  to  him  was  intrus- 
ted their  uninterrupted  prosecution  while  I  was  absent,  during  the 
winter,  in  Louisiana  and  in  Cuba,  to  which  places  I  went,  in  com- 
pliance with  your  instructions,  to  make  chemical  analyses  of  cane 
i'uice  and  other  substances,  and  to  obtain  such  information  as  might 
le  valuable  either  in  the  administration  of  the  revenue  laws,  or  in 
rendering  better  understood  the  processes  employed  in  the  manu- 
facture of  cane  sugar.  I  hope  shortly  to^present  to  you  a  full  and 
final  report  of  the  investigations  with  which  we  have  been  charged; 
some  analyses  are  still  to  be  made,  and  I  have  not  yet  had  sufficient 
time,  since  my  return,  to  give  a  detailed  account  of  the  work  per- 
formed. In  the  present  partial  report,  I  shall  therefore  set  forth 
only  those  facts  which  relate,  directly  or  indirectly,  to  the  nature 
of  the  substances  imported  into  the  United  States  as  molasses,  and 
defer  all  other  matters  until  I  shall  submit  to  you  the  abovemen- 
tioned final  report,  which  is  already,  in  part,  written,  and  will  be 
soon  finished. 

The  results  of  the  analysis  of  sixty-five  specimens  of  molasses 
and  sirup  are  embodied  in  the  following  tables,  Nos.  I,  II,  III,  and 
IV,  together  with  such  information,  with  respect  to  the  place  of 
production  and  importation,  the  quantity  imported,  the  taste,  the 
color,  the  specific  weight,  the  angles  of  polarization,  and  the  per 


of  cane  sugar  contained,  as  will  be  sufficient  to  enable  you  to 
a  correct  idea  of  each  variety. 

toble  Yy  I.give  the  re^i^lts  of  the  analysis  of  seven  sediments^ 
k  from  casks  in  which  some  of  tbe^  molasses  analysed  Vas  im- 
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TABLE  V. 
Sediments  from  molasses. 
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Xo. 

Color. 

Consistence. 

■  Grain. 

i 

"3 

1 

h 

is 

Where  from. 

1 
2 
3 
4 
5 
6 
7 

Dark.... 

Yellow.. . 
Dark.... 
Dark.... 
Light.... 

Light.... 
Light.... 

Granular 

Halfgrannlar. 
Half  granular. 

Granular 

Granular 

Pasty 

Halfgrannlar. 

Strong... 
Good.... 
Good.... 
Strong .. . 
Strong .. . 

Fine 

Good .... 

87.25 
71.56 
73.31 
6S.00 
77.62 
78.86 
71.97 

35 

34 
38 
37 
44 
33 
45 

Nuevitas. 

Nuevitas. 

Ponce,  Porto  Rico. 

Porto  Rico. 

Mayaguoz. 

Nuevitas. 

Mayagucz. 

It  appears  from  these  results  that  density  furnishes  no  indica- 
tion of  the  proportion  of  crystallizable  sugar  contained  in  molassesi 
and  that  strop  de  batterie  is  specifically  lighter  than  most  of  the 
specimens  of  molasses  analyzed;  thus  confirming  by  more  numerous 
analyses  the  facts  already  set  forth  in  Senate  document  No.  12,  2d 
session,  28th  Congress. 

These  analyses  also  show  that  West  India  molasses  usually  con- 
tains about  52  per  cent,  of  cane  sugar,  while  sirop  de  batieriey  and 
the  sirup  which  drips  from  the  loaves  of  refined  sugar  in  refineries 
using  Howard's  vacuum  pan  and  animal  charcoal,  contain  about  60 
per  cent.  New  Orleans  molasses  was  also  found  to  contain  52 
per  cent. 

The  sirop  de  batterie  analyzed  was  obtained  by  me  in  person 
from  the  boiling  house  on  the  Saratoga  sugar  estate  near  Matan- 
zas,  belonging  to  Drake,  Brothers  &  Co.,  and  it  is  a  perfectly  sat- 
urated solution,  for  it  had  deposited  an  abundant  crop  of  crystals 
of  sugar  in  the  bottle  which  contained  it.  It  is  quite  dark  colored, 
of  specific  gravity  1.337,  and  of  a  sweet,  slightly  vinous  taste.  It  is 
so  much  like  the  better  varieties  of  molasses,  that  I  am  sure*  it  would 
be  mistaken  for  molasses  by  any  except  experienced  judges.  Here- 
with I  send  you  a  specimen  of  this  article,  together  with  a  speci- 
men of  genuine  Muscovado  molasses,  with  which  it  may  be  com- 
pared in  taste  and  appearance. 

During  my  stay  in  Cuba  I  took  pains  to  ascertain  not  only  whe- 
ther fraudulent  importations  of  sirop  de  batterie  from  that  island 
into  the  United  States  do,  but  whether  they  might  readily,  occur, 
and  I  am  satisfied  that  sirop  de  batterie  both  can  be,  and  is,  m 
small  quantities^  imported  as  molasses,  for,  as  above  stated,  they 
resemble  each  other  most  closely.  In  molasses  there  is  almost  al- 
ways a  slight  burnt  flavor,  often,  however,  so  delicate  as  to  be 
barely  perceptible,  while  sirop  de  batterie  is  destitute  thereof. 
This  might,  however,  be  easily  imparted  if  desired,  by  mixture 
with  a  Email  quantity  of  highly  flavored  molasses.  1  «\sq  U^iiv^^l 
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in  Cuba^  upon  good  authority,  that  much  of  the  highly  esteemed 
**  Nuevitap  molasses"  is  strop  de  hatterie^  which,  as  a  more  beauti- 
ful and  refined  table  article,  readily  commands  a  good  price  with 
grocers  to  a  limited  extent,  the  demand  for  it  being  small. 

Of  all  the  specimens  of  ''molasses"  submitted  to  me  for  analysis, 
there  are  but  two  which  I  consider  to  be  sirup;  and  these  were  im- 
ported as  "  Nuevitas  molasses"  into  the  city  of  New  York.  AThe- 
ther  they  paid  duty  as  molasses,  I  have  not  been  informed  by  the 
revenue  officers  who  sent  them  to  me.  They  are  Nos.  34  and  35  of 
these  analyses.  Table  Y  also  shows  that  the  sediment  from  No. 
35  was  composed  of  87  per  cent,  of  pure  cane  sugar;  and  when  it 
is  borne  in  mind  that  this  sediment  was  a  mass  of  solid  particles 
intermixed  with  molasses  or  sirup,  it  follows  that  those  solid  parti- 
cles were  most  probably  sugar  only,  and  of  excellent  quality.  Of 
this  variety  there  were  but  seven  casks  imported,  a  small  quantity 
intended  probably  for  table  use  only.  I  send  herewith  a  specimen, 
which  you  may  compare  with  the  other  specimens  sent. 

Much  vagueness  of  opinion  has  heretofore  existed  as  to  what  is 
the  chemical  nature  of  molasses.  Whether  it  is  a  solution  of  de- 
graded sugar  rendered  incapable  of  crystallization,  and  this,  I  be- 
lieve, has  been  the  most  generally  accepted  theory;  or  whether  it 
is  itself  some  peculiar  species  of  liquid  sugar,  or  sirup  rendered 
uncrystallizable  by  the  presence  of  salts  and  other  impurities.  But 
the  fact  that,  after  performing  a  sea  voyage  and  undergoing  cob- 
siderable  alcoholic  and  even  acetous  fermentation,  molasses  con- 
tains generally  52  per  cent,  of  crystallizable  sugar,  and  yields  by 
partial  evaporation,  a  second  crop  of  cry.stals  of  cane  sugar,  equal 
in  weight  to  35  per  cent,  of  the  Liolasses,  establishes,  I  think, 
beyond  question,  the  fact  that  molasses  is  only  an  impure  solution 
of  crystallizable  sugar  in  water;  the  impurities  being  the  saline 
and  vegetable  extractive  matters  existing  in  the  cane  juice.  And 
if  it  be  asked,  what  then  is  the  chemical  difi*erence  between  mo- 
lasses and  sirop  de  batteriel  I  would  reply,  none.  Yet  sirop  dt 
batterie  being  the  concentrated  juice  before  granulation,  and  mo- 
lasses the  mother  liquor  after  granulation,  the  impurities  probably 
exist  in  larger  proportion  in  the  latter,  for  the  reason  that  crystal- 
lization ha^  served  to  purify  as  well    as  extract  the  sugar. 

But  though  small  quantities  of  sirop  de  batterie  may  have  been 
fraudulently  imported  for  table  use,  it  is  in  the  highest  degree  im- 
probable that  any  extensive  fraud  should  lately  have  been  thus 
committed  with  the  object  of  extracting  sugar  from  such  sirups; 
for  genuine  molasses,  as  shown  by  these  analyses,  contains  52  per 
cent,  of  cane  sugar,  while  sirop  de  batterie  contains,  when  saturated, 
60  per  cent,  only;  and  the  former  sells  at  much  lower  prices.  It  is 
not,  therefore,  the  interest  of  persons  engaged  in  manufacturing 
sugar  from  molasssf  s  to  buy  sirup,  from  which  they  can  extract  but 
little  more  sugar  than  they  can  and  do  from  molasses.  Besides,  it 
is  more  profitable  and  desirable  to  the  planter  of  Cuba  to  extract 
and  sell  his  sugar  than  to  work  his  crop  up  into  sirop  de  batterie^ 
for  the  reason  that  Cuba  sugars,  being  of  a  dry,  firm  grain,  drain 
very  Jittlo;  and    aro  theiifore  always  sold    readily    and    at    good 
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pricesi  while  sirop  de  batterie  is  a  very  perishable  article,  can- 
not be  kept  without  fermentation,  and  is  consequently  but  little  in 
demand. 

That  under  the  existing  tariff,  which  levies  on  raw  sugar  the 
duty  of  two  and  a  half  cents  per  pound,  and  on  molasses  a  duty 
equivalent  to  about  five  cents  per  gallon,  considerable  quantities 
of  molasses  should  have  been  evaporated,  is  certainly  not  surpri- 
sing; for  it  has  long  been  known  to  the  sugar  refiners  that  molasses 
thus  yields  about  35  per  cent,  of  sugar.  Hence  from  each  gallon 
three  and  a  half  pounds  may  be  obtained,  on  which  the  duty  of 
five  cents  would  have  been  paid,  instead  of  eight  and  three  quarter 
cents,  the  duty  payable  on  three  and  a  half  pounds  if  imported  as 
sugar. 

The  fact  that  molasses  may  be  thus  profitably  evaporated,  seems, 
until  lately,  to  have  been  but  little  understood  by  the  planters. 
Accustomed  to  regard  it  as  a  refuse  article,  containing  no  sugar  of 
which  the  grain  was  not  destroyed  by  the  fire,  they  seem  not  to 
have  thought  it  worth  while  to  re-boii  it.  During  the  past  year, 
however,  the  molasses  on  the  Lizardi  plantation  in  Louisiana  is  said 
to  have  yielded,  by  re-boiling,  40  per  cent,  of  excellent  sugar;  and 
other  planters  have  devoted  attention  to  this  subject.  I  have  also 
seen  on  an  estate  near  Guines,  in  Cuba,  using  vacuum  pans,  the 
entire  crop  manufactured  into  but  two  qualities  of  the  very  best 
sugar,  bianco  primera  and  quebrado  florete^  the  latter  being  obtain- 
ed exclusively  from  molasses. 

At  present,  there  are  known  to  me  three  refineries  in  New  York, 
two  in  Philadelphia,  one  in  Portland,  Maine,  and  one  in  Baltimore, 
which  make  it  their  business  to  evaporate  molasses.  Others  may 
exist  of  which  I  have  not  heard.  Of  the  amount  of  their  opera- 
tions I  have  no  knowledge.  But  from  my  acquaintance  with  the 
extent  of  business  and  scale  of  magnitude  of  other  refineries,  and 
from  those  of  the  abovementioned  establishments  which  I  have  vi- 
sited, I  should  suppose  them  capable  of  producing  5,000  hogsheads 
of  l,OOOIbs.;  in  all,  say  35,000  hogsheads  of  good  brown  sugar. 
Yet  this  estimate  may  be  either  greatly  below  or  above  their  ac- 
tual working.  As  hearsay  onl),  I  give  the  statement  which  was 
made  to  me  by  a.  grocer  of  New  York,  that  the  three  refineries  there 
evaporate  1,000  hogsheads  of  molasses  per  week,  which  would 
amount  to  the  manufacture  of  about  25,000  hogsheads  of  sugar  per 
annum.  This  I  should,  however,  deem  very  improbable.  But  even 
estimating  the  whole  amount  of  sugar  thus  manufactured  in  the 
United  States  at  35,000  hogsheads,  it  is  evident  that  this  branch 
of  industry  has. acquired  a  magnitude  and  an  importance  which  the 
Louisiana  planter  may  well  regard  with  attention,  if  not  with 
some  anxiety.  For  the  Louisiana  crop  being  only  200,000  hogs- 
heads, it  follows  that  there  is  produced  and  sold  in  competition 
therewith,  in  our  home  markets,  a  quantity  of  molasses  .sugar^  or 
"clarified  sugar,''  as  it  is  called  by  the  grocers,  exceeding  one-sixth 
of  that  crop. 

Whether  or  not  this  business  of  making  sugar  from  molasses 
should  be  fostered  or  checked  by  legislation,  is  a  matter  to  be  left 
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to  those  to  decide  to  whom  this  and  other  questions  of  interest  and 
policy  are  by  the  people  intrustedl.  But  it  can  only  be  arrested 
by  levying  on  molasses  a  higher  relative  duty  than  it  is  now  sub- 
ject to  in  comparison  with  the  duty  on  raw  sugar. 

It  has  been  reported  that  there  exists  near  Matanzas,  on  the  river 
Uremi,  a  mysterious  establishment,  said  to  be  used  for  converting 
sugars  into  sirup.  The  only  foundation  of  this  I  suppose  to  be  the 
fact,  that  there  is  a  large  sugar  refinery  st  situated.  I  have  been 
through  it,  and  can  bear  witness  to  its  being  simply  a  sugar  re- 
finery, employing  Howard's  vacuum  pans,  bone  black,  and  the  usual 
accompanying  machinery  and  fixtures.  It  formerly  beJonged  to  a 
company,  but  is  now  the  property  of  an  intelligent  and  enterpri- 
sing gentleman,  Mr.  Adams,  who  has  long  conducted  it.  This  also 
is,  1  believe,  the  only  sugar  refinery  at  present  in  the  island  of 
Cuba.  Formerly,  however,  and  in  connexion  with  the  importa- 
tions of  sirup  in  1831,  at  New  Orleans,  Mr.  Goodale,  then  and 
BOW  a  refii.er  of  that  city,  caused  to  be  built  at  Matanzas,  as  I  have 
been  told  by  himself  and  by  persons  residing  near  Matanzas,  a  house 
furnished  with  a  train  of  pans  for  dissolving  sugar  in  water.  The 
sirup  thus  formed  was  the  article  he  imported,  and  which  was  seized 
by  the  collector  of  New  Orleans.  Mr.  Goodale  had  thus  expended 
several  thousand  dollars,  believing  that  he  could,  under  the  then 
existing  laws,  introduce  sirup  with  profit  and  without  liability  to 
seizure.  But  the  loss  he  sustained,  in  consequence  of  the  seizures 
of  his  sirup,  the  costs  of  suits  in  which  he  became  involved  with 
the  government,  and  the  sacrifice  of  property  he  was  obliged  to 
make,  effectually  put  an  end  to  his  operations.  Whether  the  ouild- 
ing  used  by  Mr.  Goodale  for  such  purposes  was  ob  the  river  Uremi, 
or  where  it  was  in  Matanzas,  I  know  not;  but  perhaps  it  is  the 
mysterious  building  to  which  the  abnvementioned  report  has  re- 
ference. 

The  method  employed  for  these  analyses  of  molasses,  sirups, 
sediments,  &c.,  is  that  by  means  of  circular  polarization,  which  I 
have  fully  described  and  explained  in  a  former  report,  published  in 
Senate  document  No.  165,  2d  session,  28th  Congress,  to  which  I 
beg  leave  to  refer.  This  method  I  believe  to  be  open  to  no  ob- 
jection. Some  chemists  of  but  little  experience  in  the  manipu- 
lations it  requires,  have  supposed  it  to  require  longer  time  than 
analyses  generally  do.  But  I  have  found  it  practicable  to  make 
readily  four  analyses  in  twenty-four  hours,  which  is  a  larger  num- 
ber than  can  generally  be  made  by  the  usual  manipulations  of 
filtration,  precipitation,  et  cetera.  Besides,  optical  analysis  has 
the  advantage  of  employing  a  characteristic  property  of  cane  sugar 
without  first  subjecting  it  to  the  action  of  heat  or  of  chemical  re- 
agents, whii:h  would  convert  a  part  of  the  sugar  into  substances  of 
a  diffeient  nature. 

The  manipulations  and  calculations  were  substantially  identical 
with  those  given  and  fully  set  forth  in  my  former  report.  It  was, 
however,  found  that,  in  <lecolorizing  the  solutions,  a  slight  quan- 
tity of  subacetate  of  lead  is,  in  some  cases,  very  useful;  and  as  it 
has  no  effect  upon  the  cane  sugar  contained,  I  did  not  hesitate  in  a 
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few  instances  to  employ  it.  The  acid  for  inversion  was  added  by 
measure  in  a  graduated  tube,  and  not  as  formerly  by  weight,  the 
Tolume  thereof  being  thus  determined  with  sufficient  exactness* 
The  formulas  were  the  same,  but  some  simplifications  were  intro- 
duf-ed  in  the  calculations  with  economy  both  of  time  and  labor. 
This  was  done  by  rendering  constant  the  quantities  employed; 
Tariattons  thus  occur  only  by  reason  of  specific  differences  in  the 
specimens  subjected  to  annalysis. 

I  am,  very  respectfuly,  your  obedient  servant, 

RICHARD  S.  McCULLOH. 
To  Professor  A.  D.  Bache, 

Superintendent  of  Weights  and  Measures^  4*c. 


No.  1. 


Collr's  Off.,  Dist.  of  Portland  and  Falmouth, 

Portland^  June  30,  1846. 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  27th  instant,  requiring  me  to  report  whether  frauds  have 
been  practised  or  attempted  at  this  port  of  importing  sirups  as 
molasses,  and  to  give  my  views  of  the  measures  necessary  to  pre- 
vent a  recurrence  of  such  frauds. 

No  such  frauds  have  ever  been  practised  or  attempted  in  this 
district  since  I  have  had  charge  of  this  office.  If  such  frauds  are 
practised  any  where,  which  I  much  doubt,  they  are  committed  with 
the  knowledge  and  consent  of  the  ganger,  for  the  appearance  of 
these  sirups,  as  I  am  informed  by  ship-masters,  is  as  different  from 
molasses  as  is  that  of  honey. 

Let  there  be  a  forfeiture  of  vessel  and  cargo  for  all  such  attemptS| 
and,  jf  the  gaugers  do  their  duty,  thev  willcease. 

I  have  the  honor  to  be,  sir,  with  great  respect,  your  obedient 
servant, 

JOHN  ANDERSON,  Collector. 

Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury^  Washington. 


No.  2. 


Collector's  Office,  Boston y  June  30,  1846. 

Dear  Sir:  Your  communication  of  the  27th  instant,  covering  a 
resolution  of  the  Senate  of  the  day  before,  was  received  this  morn« 
ing.  I  immediately  called  on  the  surveyor  of  this  port  for  a  re- 
port in  answer  to  your  inquiry,  a  copy  of  which  I  sent  him.  I  now 
have  the  pleasure  to  enclose  his  report. 

I  will  also  add   that  I  have  made  inquiries  of  OlVieT  oSk^^x'^  V^ 
this  Aepartweat,  and  am  fully  satisfied  of  the  entire  cotte^V(i^%i  ^i 
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his  statement.  Indeed,  I  learn  that  but  a  single  instance  of  the 
importation  of  sirup  has  been  made  in  this  port  for  two  or  three 
years  past.  And  all  the  officers  fully  agree  in  the  most  entire  con- 
viction that  no  fraud  of  the  kind  referred  to  has  been  practised  in 
this  district. 

I  am,  very  respectfully,  your  obedient  servant, 

MARCUS  MORTON,  Collector, 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury^  Washington^  P.  C 


Surveyor's  Office,  June  30,  1846. 

Dear  Sir:  In  answer  to  your  letter  of  this  date  relative  to  frauds 
having  been  committed  upon  the  revenue  in  New  York  and  other 
ports,  by  importing  sirups  under  the  name  of  molasses,  I  can  only 
say  that  I  am  very  certain  that  nothing  of  the  kind  has  taken  place 
here.  I  have  often  called  the  attention  of  the  gangers  to  this 
subject,  and  they  assure  me  that  there  has  never  been  a  fraud  or 
an  attempt  at  one  in  that  article. 

Yours,  very  respectfully, 


To  the  Collector,  Port  of  Boston, 


J.  McNIEL,  Surveyor. 


No.  3. 


Collector's  Office,  Custom-house, 
Salemy  Mass.j  July  2, 1846, 

Sir:  In  answer  to  your  communication  of  27th  ultimo  respecting 
importations  of  sirups  as  molasses,  I  have  to  state  that  I  am  not 
aware  of  anything  of  the  kind  having  taken  place  at  this  port. 

Nearly  all  the  molasses  imported  here  is  from  Cayenne,  French 
Guiana,  although  occasionally  a  cargo  arrives  from  the  West 
Indies.  The  greater  part  of  this  is  for  distilling,  and  the  balance  for 
retailing.     I  do  not  think  any  portion  of  it  is  made  into  sugars. 

I  cannot  ascertain  that  there  is  any  particular  test  by  which 
sirups  are  to  be  distinguished  from  molasses,  besides  the  general 
appearance  of  the  article.  The  distillers  say  they  can  readily  dis- 
criminate between  them  on  inspection.  I  do  not  know  of  any 
better  method  of  guarding  against  fraud  ugder  the  existing  laws 
than  by  submitting  the  article  imported  to  the  inspection  of  persons 
"expert"  in  such  matters,  in  cases  where  fraud  is  suspected. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

JAMES  MILLER,  Collector, 
By  E.  F.  MILLER,  Deputy. 

Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury^  U.  States^ 

tVashingtoU)  D.  C. 
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No.  4. 

Custom-house,  District  of  Newbubyport, 

July  9,  1846. 

Sir:  In  reply  to  yours  of  June  27,  I  would  state  that  to  my 
knowledge  no  frauds  upon  the  revenue  have  ever  be«>n  attempted 
in  this  district  by  the  importation  of  sirup  as  molasses.  We  have 
but  few  importations  of  molasses  into  this  district,  and  the  quality 
18  generally  of  a  low  or  medium  grade. 

The  most  effectual  method  of  detecting  such  frauds  would,  in  my 
opinion,  be  to  submit  the  suspected  article  to.  a  chemical  test. 
I  have  the  honor  to  be,  yours,  respectfully, 

WILLIAM  NICHOLS,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury^ 

Washington y  D.  C. 


No.  5. 


Collector's  Office,  District  of   New  Bedford, 

July  2,  1846. 

Sir:  In  compliance  with  the  inquiry  in  your  letter  of  June  27 
last,  in  regard  to  '^  any  cases  of  frauds  of  the  kind  referred  to  in 
the  resolution  of  the  Senate  of  the  United  States,  committed  or  at- 
tempted at  this  port  on  the  importation  of  sirups  as  molasses,  with 
aiy  views  as  to  the  measures  necessary  to  guard  against  the  recur- 
rence of  such  frauds,"  I  have  the  honor  to  report,  that  no  attempt 
has  been  made,  for  many  years  past,  to  import  sirup  of  any  kind 
into  this  district  from  abroad.  The  only  molasses  imported  into 
this  district,  for  more  than  two  years  past,  was  the  car(;o  of  the 
barque  Cora,  from  Matanzas,  on  account  of  William  L.  Baker,  en- 
4ere(l  March  14  last.  I  have  conferred  with  John  Fuller,  the  in- 
spector, who  inspected  and  weighed  this  cargo.  He  has  had  much 
.practical  experience  as  a  grocer  in  molasses  and  sirups  from  the 
West  Indies,  made  from  sugar  or  cane,  and  has  a  distinct  recollec- 
tion of  the  cargo  in  question.  He  carefully  examined  every  hogs- 
head, and  does  not  hesitate  to  pronounce  that  it  contained  no  im- 
proper ingredient  of  sugar;  that  it  was  purely  molasses  of  a  light 
Jcind  and  low  price,  and  as  such  was  sold  in  this  market. 

Mr.  Fuller  further  reports  to  me,  that,  on  proper  inspection,  he 
should  have  little  or  no  difficulty  in  detecting  any  fradulent  at- 
tempt to  pass  sirup  composed  in  part  of  sugar  for  molasses;  that 
all  the  molasses  imported  here  since  1839  has  passed  under  his  per- 
sonal observation  as  inspector,  and  that  he  has  no  reason  to  believe 
any  such  fraud  has  been  attempted  here  in  that  time. 

Having  confidence  in  his  judgment  and  fidelity,  I  have  there- 
fore respectfully  to  report  to  you,  on  this  branch  of  the  subject, 
that  no  fraud  of  the  kind  referred  to  has  been  recently  attem\;Ud 
in  this  district. 
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In  regard  to  measures  necessary  to  guard  against  the  recurrence 
of  the  frauds  contemplated  in  the  resolution  of  the  Senate  of  June 
26,  I  lATOuId  respectfully  state,  that  I  have  taken  pains  to  make  in- 
quiry among  grocers,  and  others  engaged  in  the  traffic  of  molasses 
and  sirup. 

Considerable  quantities  of  sirup  from  the  West  Indies  are  im- 
ported into  certain  districts,  principally  the  large  ports  of  Boston 
and  New  York.  Some  sirup  is  imported  eo  nomine  from  Nuevitas 
and  other  places,  and  pays  the  regular  duty,  and  it  commands  5  to 
10  cents  a  gallon  over  good  merchantable  molasses.  But  it  is  sup- 
posed here  that  considerable  quantities  of  sirup  are  imported  into 
the  country  under  the  denomination  of  molasses,  and  at  the  low 
rate  of  duty,  but  which,  in  fact,  contain  a  large  per  centage  of 
sugar;  but  this  is  a  matter  of  inference  only,  our  dealers  having  no 
positive  knowledge  of  the  abuse. 

Experienced  grocers  are  p.ware  that  sometimes  an  article  which, 
on  first  being  rolled  on  shore  from  the  vessel,  appears  to  bea  heavy 
kind  of  molasses,  after  being  left  at  rest  precipitates  a  quantity, 
more  or  less,  of  sugar,  which  may  be  used  as  such  for  many  pur- 
poses. It  is  said  to  be  no  uncommon  practice,  in  large  cities, 
whether  imported  as  sirup  or  molasses,  to  reserve  this  article  un- 
til it  settles  down;  the  upper  portion  is  then  drawn  off,  and  sold  for 
sirup  or  molasses,  and  the  residuum  to  sugar  refiners  and  others  as 
an  inferior  kind  of  sugar. 

Dealers  here  generally  agree  the  varieties  of  molasses  are  so  in- 
finite, that  while  in  some  cases  it  would  be  difficult  to  decide  whe- 
ther a  lot  ought  to  be  classed  as  sirup  or  molasses,  or  whether  any 
lot  entered  as  molasses  contain  any  unlawful  portion  of  sugar;  yet 
they  are  of  opinion,  that  in  most  cases  the  true  character  of  the 
article  may  be  ascertained  by  any  competent  inspector,  without 
any  chemical  analysis,  by  merely  sounding  the  cask  with  a  stick. 

The  only  means  of  guarding  against  this  kind  of  fraud,  that  oc- 
curs to  me,  (presuming  that  the  officer  is  familiar  with  the  article,) 
is  to  enjoin  the  most  rigid  scrutiny  in  the  discharge  of  his  duty. 
This  scrutiny  should  extend,  not  only  to  the  upper  stratum,  but 
more  particularly  to  the  bottom  of  the  cask;  and  if  any  undue  pro- 
portion or  consistency  of  residuum  be  formed,  to  report  the  case  to 
the  collector  for  special  investigation.  If  any  reasonable  suspicion 
of  fraud  exists,  it  might  be  well  to  reserve  the  case  for  a  reasona- 
lile  time  to  test  the  character  of  such  residuum  as  might  be  formed 
in  the  cask  by  the  settling  process.  A  proper  attention  to  this- 
service  is  probably  all  that  could  be  done,  under  existing  laws,  to 
protect  the  revenue  from  this  kind  of  fraud. 

Possibly  it  might  be  worth  while  for  the  department  to  institute 
an  inquiry  whether  the  mode  of  weighing  and  appraising  roolasse» 
be  uniform  in  all  the  districts.  In  the  process  of  fermentation,  for 
instance,  each  cask  contains  much  froth.  After  a  cask  has  been 
gauged,  and  its  capacity  in  gallons  ascertained,  a  gallon  is  weighed 
to  ascertain  the  weight  of  the  whole.  When  the  cargo  inspected 
here^  in  March,  was  under  inspection,  it  became  a  question  for  ad- 
Justmenij  what  allowance  ought  to  be  made  for  froth.     It  occurred 
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to  me|  at  the  time,  that  there  might  be  some  honest  difference  in 
the  practice  of  different  districts.  I  directed  the  inspector  to  exer- 
cise his  best  judgment  in  coming  to  a  just  estimate  of  the  actual 
ir  eight. 

Whether  any  improper  favor  be  shown  anywhere  in  estimating 
the  froth,  or  in  deciding  whether  an  article  be  sirup  or  molasses, 
for  the  purpose  of  attracting  business  in  any  particular  direction, 
I  bare  no  means  of  knowing  beyond  the  limits  of  this  district. 

What  legislative  remedy,  if  any,  would  be  applied  to  the  case 
with  advantage,    is   a  difficult  question.   'The  importer's  oath  ap- 

f»ears  sufficiently  comprehensive,  and  the  penalty  for  violating  the 
aw  is  ample.  The  only  common  standard  of  admeasurement  ap- 
plicable to  sugar  and  molasses  appears  to  be  weight,  as  now  pro- 
Tided  by  law.  It  might  lead  to  much  general  discontent  to  tax 
the  same  rate  on  sugar  and  molasses.  The  safer  mode  seems  to  be 
to  fix  leasonable  rates  to  each,  and  put  the  responsibility  of  viola- 
ting the  law  on  the  importer,  subject  to  a  rigid  investigation  of 
the  officers  of  the  revenue  in  all  cases. 

Knowing,  sir,  that  you  wish  to  respond  promptly  to  the  call  of 
the  Senate,  I  submit,  with  some  haste  and  diffidence,  these  imperfect 
views  to  you,  as  embodying  all  that  I  am  now  prepared  to  offer  in 
answer  to  your  inquiries. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant^ 

JOS.  T.  ADAMS,  Collector. 
Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury^  Washington. 


No.  6. 


Collector's  Office, 
District  of  Providincej  June  30,  1846. 

Sir:  Your  letter  of  the  27th  instant,  requiring  me  to  report  any 
cases  of  frauds  committed  or  attempted  at  this  port,  as  referred  to 
in  a  resrlution  of  the  Senate  of  the  United  States,  accompanying 
the  same,  is  duly  received;  and  in  answer  would  inform  you,  that 
BO  such  fraud  on  the  importation  of  sirups  as  molasses  have  been 
coainiitted  or  attempted  at  this  port.  The  smaller  ports  (and  es- 
pecially this  port)  are  not  the  places  where  frauds,  such  as  referred 
to  in  your  letter,  are  usually  committed.  Here,  there  are  not  so 
many  cargoes  landed  but  what  every  officer  connected  with  the 
collection  of  the  revenue,  either  from  duty  or  from  curiosity,  sees 
both  the  quality  and  quantity  of  the  cargo;  while,  at  the  large  ports 
the  inspection  cannot  be  so  minute,  because  everything  is  done  in 
haste. 

The  best 'mode  ^4o  suard  against  the  recurrence  of  such  frauds," 
that  now  suggests  itself  to  me,  is,  that  it  should  be  made  the  duty 
of  the  ganger  to  report  to  the  collector  the  particular  contents  of 
the  casks.  This  officer  must  examine  every  cask  to  perform  his 
duty,  and  by  his  familiarity  with  the  article  he  can^  by  \^«^^t\\QTk. 
and  hjthe  use  of  his  rodj  see  at  once  whether  it  conteuis  moV^.^^^^^ 
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Birup,  or  a  mixture  of  sirup  and  sugar;  and  if  he  finds  any  cask  or 
the  cargo  to  be  different  from  that  expressed  in  the  permit,  he 
should  report  to  the  collector,  when,  if  any  difference  of  opinion 
should  thereby  arise  between  the  collector  and  consignee  or 
owner,  the  public  appraisers  might  decide  the  matter.  This  seefiis 
to  me  to  be  as  sure  and  as  short  a  way  to  remedy  the  evil  as  any 
that  I  can  conceive  of.  It  will  require  no  additional  officer  or  ez* 
pense. 

I  am,  yours,  respectfully, 

H.  WILLARD,  Collector. 
Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury^  Washington  City^  D.  C. 


No.  7. 


Collector's  Office, 
J>rew  Haven^  June  29, 1846. 

Sir:  Yours  of  the  27th  instant,  with  a  copy  of  a  resolution  an- 
nexed, passed  by  the  Senate  of  the  United  States,  has  been  re- 
ceived. 

It  gives  me  pleasure  to  be  able  to  state  that  no  case  of  fraud  or 
attempted  fraud,  in  the  importation  of  sirups  as  molasses,  referred 
to  in  the  Senate  resolution,  has  come  to  my  knowledge  in  this  dis- 
trict, nor  do  1  believe  there  has  been  any. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

NORRIS  WILCOX,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury^  Washington^  D.  C 


No.  8. 


Custom-house,  New  York, 

Collector's  Office^  July  21,  1846. 

Sir:  In  reply  to  your  communication  of  the  27th  ultimo,  I  have 
the  honor  to  enclose  herewith  a  report  from  the  surveyor  of  this 
port,  on  the  alleged  importations  ol  sirup  of  sugar  under  the  name 
of  molasses. 

It  is  evident  that  the  merchants  and  dealers  in  the  article  in 
question  call  it  molasses^  that  it  is  not  worth  more  than  ordinary 
molasses^  that  it  does  not  command  a  higher  price;  and  that,  after 
the  payment  of  duty  it  will  not  sell  for  2\  cents  per  pound,  the 
rate  of  duty  chargeable  on  sirup  of  sugar. 

I  am,  sir,  yours,  very  respectfully, 

C.  W.  LAWRENCE. 
Hon.  RoBKRT  J.  Walker, 

Secretary  of  the  Trtasw^^  Washington^  D.  C» 
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CrsTOM-HousE,  New  Yobk, 
Surveyor's  Office ,  July  20,  1846. 

Sir:  In  compliance  with  your  letter,  enclosing  a  resolution 
adopted  by  the  Senate  of  the  United  States,  and  also  instruc- 
tions from  the  Treasury  Department,  I  have  the  honor  to  report, 
that  some  time  in  June  last,  this  department  was  informed  by 
letter  from  the  Treasury  Department,  over  the  signature  of  W.  F. 
WiJkins,  that  frauds  were  practised  by  importations  in  this  port 
of  sirup  as  molasses. 

About  the  same  period,  a  letter  was  received  by  me  from  Mr. 
Wilkins,  conveying  similar  intimations;  and  instructions  were 
immediately  given  to  Inspector  Cairns  (who  had  been  deputed  by 
my  predecessor  to  attend  to  this  branch  of  the  revenue  service)  to 
to  take  samples  of  the  molasses,  as  it  arrived  in  port,  and  make  the 
necessary  examination  to  guard  against  fraud  (as  alleged.)  The 
report  of  Mr.  Cairns  is  herewith  submitted,  and  marked  A. 

Mr.  Cairns  was  the  inspector  selected  to  take  and  prepare  the 
lamples  of  sugar  and  molasses,  forwarded  to  Philadelphia  in  Sep* 
tember  last,  for  examination  by  Professor  McCulloh,  in  accordance 
with  the  directions  of  the  Treasury  Department. 

His  experience,  therefore,  induced  his  selection,  and  gave  me 
confidence  in  his  judgment.  Immediately  on  the  receipt  of  the 
letter  of  the  Secretary  of  the  Treasury,  enclosing  the  resolution  of 
tbe  Senate,  samples  of  molasses  were  taken  for  examination  and 
loalysis,  and  Inspector  Cairns  directed  (o  employ  a  chemist  to 
walyzc  and  ascertain  the  correctness  of  the  assertion  as  to  the 
Frauds  alluded  to.  An  interview  was  had  with  this  Mr.  Wilkins, 
who  gave  the  information,  and  who  represents  himself  as  bein^ 
perfectly  familiar  with  the  subject.  He  (Wilkins)  was  also  invited 
:o  attend  the  investigation,  and  to  make  whatever  suggestions  he 
;hoi]ght  would  tend  to  insure  a  minute  and  thorough  investigation. 

The  report  of  Doctor  Thomas,  the  chemist  employed  to  analyse 
[he  samples  of  molasses,  is  herewith  submitted,  marked  B. 

Agreeably  to  your  instructions,  and  in  order  that  full  and  satis- 
factory information  should  be  given  to  the  honorable  the  Senate  of 
he  United  States,  the  celebrated  Dnct.  Chilton  was  also  employed 
:o  analyze  samples  of  the  same  cargo,  marks  and  qualities^  as  were 
inalyzed  by  Doct.  Thi  mas,  the  chemist  heretofore  alluded  to. 
rhe  result  of  Doct.  Chilton's  examination  is  also  herewith  submit- 
;ed,  marked  C. 

In  the  absence  of  ^ny  fixed  standard  for  the  government  of  this 
lepartment,  directing  their  action,  and  defining  the  per  centage  of 
yystallizable  sugar  or  matter  contained  per  gallon  in  either  sirup 
n  molasses,  we  have  been  governed  by  the  custom  established  and 
icted  upon  by  my  predecessors  in  office,  anxiously  awaiting  the 
;oming  report  of  Professor  McCulloh,  as  directed  by  the  Treasury 
Department,  for  out  future  government  and  action. 

The   importers  of   the   molasses  analyzed   by  Drs.  Thomas  and 
Chilton,  inform  me  that  they  have  this  day  forwarded  to  the  Trea- 
sury Department  (a  copy  of  which  they  have  sent  me"^  ^  et\\.\^c^V^ 
rem  werchants  of  the  highest  character,  who  repieseut.  \.\i^\.  ^^\\l^^ 
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have  examined  the  recent  importations  of  molasses  from  Nuevitas, 
in  which  the  alleged  frauds  are  said  to  exist;  and  they  pronounce 
it  nothing  but  molasses^  such  as  they  are  in  the  habit  of  purchasing 
from  Puerto  Rico^  St.  Croix,  and  other  West  India  islands." 

I  would  remark,  in  relation  to  the  certificate  which  I  have  al- 
luded to,  that  I  have  long  known  most  of  the  signers  as  extensive 
dealers  in  the  article,  and  know  them  to  be  men  of  unquestionable 
integrity^  and  whose  experience  gives  to  their  opinions  great 
weight. 

The  cargoes  of  molasses,  from  which  the  samples  were  taken  and 
used  for  analyzation  by  Drs.  Thomas  and  Chilton,  were  disposed 
of  at  auction  and  at  private  sale,  by  the  importers,  to  the  grocers, 
in  small  lots,  at  prices  varying  from  nineteen  to  twenty-six  cents 
per  gallon.  The  sales  were  made,  and  a  portion  of  the  article 
consumed,  previous  to  the  receipt  of  the  letter  of  the  Secretary  o/ 
the  Treasury,  enclosing  the  resolution  of  the  Senate  of  the  United 
States. 

If  frauds  have  heretofore  existed,  they  are  most  assuredly  un* 
known  to  this  department.  Every  possible  precaution  has  been 
used  by  this  department,  with  a  view  to  prevent  and  detect  fraud^ 
in  this  as  well  as  in  all  other  cases.  I  feel  that  I  have  exercised 
the  most  prompt  and  energetic  measures  to  guard  the  revenue,  and 
can  assure  the  Treasury  Department  that  the  same  e£forts  will  be 
continued  with  unabated  zeal. 

The  expenses  attending  these  examinations  are  considerable,  re- 
quiring the  employment  of  those  only  who  are  acquainted  with 
chemical  analysis.  It  is,  therefore,  particularly  desirable  that  some 
mode  of  testing,  or  a  standard^  should  be  fixed  upon  for  the  gov- 
ernment of  this  department  in  its  further  action.  The  bills  of 
Drs.  Thomas  and  Chilton  are  herewith  enclosed,  amouiiting  to , 
($150)  one  hundred  and  fifty  dollars. 

Yon  will  doubtless  recollect,  that  under  the  administration  of 
collector  Van  Ness,  and  at  the  commencement  of  yours,  a  person 
was  specially  employed  'to  take  samples  of  the  different  cargoes  of 
molasses  arrived  in  port,  and  to  be  submitted  for  examination  at 
the  surveyor's  office. 

These  samples  were  generally  examined  by  the  surveyor  and  in- 
spectors Lloyd  and  Cairns,  who  are  now,  and  have  been  for  a  long 
time,  detailed  for  sugar  inspection  duty. 

The  Treasury  Department  deemed  the  employment  of  the  person 
to  take  samples  unnecessary;  and  it  was,  accordingly,  discontinued. 

Officers  Lloyd  and  Cairns  are  constantly  engaged  in  the  discharge 
of  the  duty  particularly  assigned  to  them,  and  not  unfrequently 
require  an  additional  inspector  to  assist  them.  Consequently,  they 
are  unable  to  attend  to  the  special  duty  of  examining  and  sampling 
molasses. 

The  cargoes  of  molasses  now  arriving  at  this  port  are  sent  up  to 
the  city  in  "lighters"  or  small  craft  from  the  "quarantine  ground" 
at  Staten  Island,  and  are  landed  at  Brooklyn  and  various  other 
j^oints  of  our  extensive  water  front.     It  will  require  one   person^ 
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id  frequently  an  assistant,)  to  procure  samples,  and  examine  the 

'goes  at  the  different  landing  places  above  mentioned. 

ks  this  particular  duty  is  by  law  under  my  immediate  supervis- 

ly  I  respectfully  solicit  your  approbation  to  select  some  compe- 

it  person  to  perform  it  for  at  least  the  continuation  of  the  quar- 

tine  regulations. 

1  haye  the  honor  to  be,  with  great  respect,  yours,  &c., 

ELIJAH  F.  PURDY,  Surveyor. 
Hon.  C.  W.  Lawrence,  Collector^  fyc. 


New  Yobk,  June  29,  1S46. 

Sir:  Having  been  assigned  to  the  duty  of  causing^  an  analysis  of 
olasaes  or  sirup  imported  into  this  district  from  Nuevitas,  Cuba, 
have  the  honor  to  report  that  three  samples  were  procured  and 
ibmttted  to  Mr.  James  Thomas,  a  chemist  of  this  city,  for  the 
irpojBe  of  scientific  examination.  His  report  is  now  before  the 
apartment,  giving  the  results  of  the  various  experiments,  and  the 
noion  that  two  of  these  samples,  containing  from  56  to  58  per 
•nt.  of  crystallizable  sugar,  are  to  be  considered  ^^sirup." 
I  must,  however,  state  that  this  gentleman  has  been  previously 
nployed  by  this  department  to  make  analysis  of  samples  of  pre- 
sely  the  same  kind  and  quality  as  in  the  present  instance,  and  has 
It  been  able  to  detect  sugar  that  would  give  them  the  character 
r  "sirup." 

I  would  also  remark  that  at  a  previous  date  this  department  had 
ittsed  a  large  quantity  of  the  same  kind  and  quality  of  molasses 
r  sirup  to  be  tested  by  a  practical  refiner.  That  similar  samples 
ere  sent  for  analysis  to  Professor  McCuUoh,  of  Philadelphia,  by 
ircction  of  the  comptroller,  at  Washington,  and  that  they  have 
Iso  been  submitted  to  men  of  high  scientific  attainments  in  this 
ity,  all  of  whom  have  uniformly  agreed  in  the  opinion  that  the 
rticle  was  not  sirup. 

In  view  of  these  facts,  I  beg  leave,  respectfully,  to  suggest  the 
Kpediency  of  causing  samples  of  the  same  kind  to  be  analyzed  by 
ifferent  persons,  to  the  end  that  the  true  character  of  the  subject 
nder  consideration  may  be  ascertained. 

Respectfully  submitted. 

JOHN  T.  CAIRNS,  Inspector. 

To  Elijah  F.  Purdy,  Esq., 

Surveyor  of  the  port  of  Xew  York. 


Analysis  of  molasses  or  sirup  of . 

Sample  marked  JG,  imported  in  brig  Brothers,  from  Nuevitas, 
i^aba.  May  23,  1S16,  by  Brett  &  Yose,  and  analyzed  by  Jamea 
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Thomas  and  James  R.  Chilton,  chemists.  It  will  be  seen  by  their 
reports  respectively,  that  in  this  sample  they  very  nearly  agree  in 
their  experiments.  Mr.  Thomas  reports  68.25  per  cent.,  and  Mr. 
Chilton  58.20  per  cent,  of  crystallizable  or  cane  sugar. 

Sample  described  by  Mr.  Thomas  as  No.  1,  and  by  Mr.  Chilton 
as  ARy  C* ,  is  one  and  the  same  article,  imported  in  brig  Tonquin 
from  Nuevitas  May  19,  1846,  by  Holt  &  Owen.  In  this  sample 
Mr.  Thomas  reports  56,55  per  cent.,  and  Mr.  Chilton  40.4  per  cent, 
of  crystallizable  or  cane  sugar. 

Sample  described  by  Mr.  Thomas  as  No.  2,  imported  in  brig 
United  S'l^es  from  St.  Croix,  June  6,  1846.  In  this  he  makes  to 
yield  50.63  per  cent,  of  crystallizable  or  cane  sugar. 

Sample  described  by  Mr.  T:.omas  as  No.  3,  imported  in  brig 
Overman,  June  4,  1846,  by  P.  Harmony,  Nephew  &  Co.,  from 
Ponce,  P.  R.     In  this  he  reports  49.54  per  cent,  of  cane  sugar. 

Sample  described  by  Mr.  Thomas  as  No.  4,  from  New  Orleans. 
In  this  he  reports  46.52  per  cent,  of  crystallizable  or  cane  sugar. 

JOHN  T.  CAIRNS,  Inspector. 

New  York,  Ju^y  18,  1846. 


B. 

New  York,  June  20,  1646. 

Gentlemen:  The  undersigned  would  respectfully  represent,  that 
having  been  selected  by  Captain  John  T.  Cairns  to  examine  three 
samples  of  imported  molasses  or  sirup,  he  respectfully  reports  the 
results  of  the  examination. 

The  sample  marked  JG  is  of  a  light  color,  pleasant  taste,  with- 
out any  empyreuma,  and  from  its  sensible  qualities,  seems  to  be  a 
very  superior  article,  if  it  is  molasses.  This  sample,  when  sub- 
mitted to  a  qualitative  examination,  appears  to  contain  both  crys- 
tallizable or  cane  sugar  and  unrrystallizable  sugar  or  molasses, 
also  called  granular  sugar;  a  portion  heated  with  diluted  solution 
of  potassa  gave  the  well  known  brown  color  indicative  of  granular 
sugar  or  molasses;  another  portion  heated  with  diluted  sulphuric 
acid  showed  the  presence  of  cane  sugar  by  producing  a  brown 
color,  and  after  some  time  an  insoluble  brown  matter  was  depos- 
ited, indicative  of  the  presence  of  cane  sugar. 

Two  equal  portions  of  this  sample  were  examined  by  Mr.  Trom- 
mer's  test;  one  portion  was  merely  diluted  with  water;  the  other, 
also  diluted  with  water,  was  boiled  with  a  drop  or  two  of  sulphuric 
acid,  to  convert  any  c-ystallizable  sugar  it  might  contain  into  mo- 
lasses; these  two  equal  portions,  thus  treated,  were  separately  ex- 
amined by  Mr.  Trornmer's  test,  which  consists  in  adding  to  the 
saccharine  solulioii  to  be  cxamincil  a  few  drops  of  a  solution  of 
sulphate  of  copper,  (blue  vitriol,)  and  afterwards  some  solution  of 
potassa,  and  heiiting  the  mixture  to  nearly  a  boiling  temperature; 
the  uncrjslallizdble  sugar  or  molasses  contained  in  the  liquor  re- 

ces   the   salt  of   copper,  and   precipitates  a  red   oxide    of  that 
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Beta),  while  the  crystallizable  sugar  contained  in  the  liquor  does 
not  chanpre  the  properties  of  that  salt.  The  portion  of  this  sample 
merely  diluted  with  water  gave  a  precipitate  of  red  oxide  of  cop- 
per, but  the  other  portion  that  had  been  treated  with  sulphuric 
acid  gave  a  most  abundant  precipitate  of  the  oxide — proving  satis- 
factorily the  presence  of  cane  sugar  and  molasses  in  this  sample, 
naiked  JG. 

The  specific  gravity  of  this  sample  is  1,360  at  60^^  of  Fahrenheit. 
A  small  quantity  of  this  sample  in  a  capsule,  or  little  cup,  was 
placed  under  a  glass  bell  or  receiver,  also  a  cup  half  full  of  strong 
sulphuric  acid,  and  a  slight  vacuum  maintained  within  the  glass 
bell;  the  sulphuric  acid  by  its  avidity  for  moisture  kept  the  space 
within  perfectly  dry,  and  the  sample  soon  lost  enough  of  its  water 
of  solution  to  become  a  semifluid  mass  of  crystals  of  sugar,  from 
which  the  molasses  would  easily  separate.  This  experiment  was 
often  repeated  and  with  uniform  success. 

The  sample  marked  SY  is  light  colored  and  of  a  good  taste;  it 
is  rather  heavy,  compared  with  the  other  two  samples,  its  specific 
gravity  being  1.404.  Submitted  to  the  same  tests  as  the  former 
iample,  it  gave  similar  results,  only  the  quantity  of  uncrystalliz- 
able  sugar  appeared  to  be  much  greater.  When  placed  under  the 
glass  bell,  in  the  same  circumstances  as  the  former  sample,  it  would 
not  crystallize,  and  no  sugar  could  be  obtained  from  it  by  this 
means. 

The  sample  marked  No.  1  is  rather  dark  colored,  it  gave  similar 
results  to  the  sample  JO;  its  specific  gravity  is  1.364. 

The  quantitative  examination  of  these  samples  and  obtaining  the 
absolute  per  centage  amount  of  cane  sugar  and  molasses,  separately, 
was  a  probltm  beset  with  great  difficulties.  The  only  course  likely 
to  be  successful  appeared  to  be  one  that  should  be  based  upon  Mr. 
Trommer's  discovery,  before  allude>l  to.  I  now  proceed  to  give 
the  method  followed  in  this  investigation,  so  that  if  any  error  has 
been  committed  it  may  be  open  to  correction. 

Preparation  of  the  test. — Two  ounces  of  sulphate  of  copper  (blue 
Titrol)  are  dissolved  in  one  point  of  water;  in  a  separate  vessel 
dissolve  one  ounce  of  bitartrate  of  potassa  (cream  of  tartar)  and 
four  ounces  of  potassa  (caustic  potash)  in  one  pint  of  water.  Well 
mix  these  solutions,  and  filter  the  fluid  from  the  dregs.  It  will  be 
of  a  fine  blue  color,  if  rightly  made;  as  thus  made,  the  test  will 
not,  however,  give  uniform  results  when  tried  on  equal  weights  of 
pure  sugar  converted  into  molasses.  The  test  liquor  requires  to  be 
heated  to  boiling,  and  filtered  from  some  oxiJe  of  copper  separated 
by  the  boiling.  It  will  now  give  uniform  results.  It  requires  care 
in  heating,  as  it  is  apt  to  bump  or  boil  over.  The  test  so  prepared 
was  the  one  made  use  of  in  this  investigation. 

Stuart^s  best  i on f  sugar  -^'ds  the  standard  of  comparison,  bein^ 
perfectly  free  from  molasses.  Twenty  grains  of  this  sugar  dis- 
solved in  water  and  boiled  for  fifteen  or  twenty  miniit«'S,  with  a 
few  drops  of  sulphuric  acid,  gave  with  the  copper  test  in  slii^ht 
excess  thirty-three  grains  of  oxide  of  copper.  So  that  every  1.G.3 
of  oxide  obtained  equals  one  of  pure  sugar  in  solution. 
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Quantitative  examination  of  sample  JG — Took  20  grains  of  this 
sample,  diluted  it  with  water,  then  put  in  a  slight  excess  of  the 
test,  heated  it  to  boiling,  let  it  cool,  decanted  the  supernatant  fluid 
from  the  precipitate,  washed  it  several  times  and  dried  it.  Weight 
of  dry  red  oxide  of  copper  obtained  4.5  grains,  equal  to  13.7  per 
cent,  of  uncrystallizable  sugar  or  molasses  in  100  parts  of  this 
sample  by  weight.  Another  20  grains  were  boiled  with  a  few 
drops  of  sulphuric  acid  and  about  a  gill  of  water,  to  convert  the 
cane  sugar  into  molasses.  This  gave  23.75  grains  of  oxide  of  cop- 
per, equal  to  71.95  per  cent,  for  the  whole  saccharine  matter  con* 
tained  in  this  sample,  and  gives  58.25  per  cent,  for  the  cane  sugar. 

Quantitative  examination  of  sample  SV. — Twenty  grains  of  this 
sample  gave  10.75  grains  of  oxide  of  copper,  equal  to  32.6  per 
cent,  for  the  molasses  it  contains^  another  20  grains  converted  into 
molasses,  by  the  action  of  sulphuric  acid,  gave  72.7  per  cent,  for 
the  whole  of  the  saccharine  matter  contained  in  this  sample. 

Quantitative  examination  of  sample  JVo.  1. — This  sample  gave 
15.7  per  cent,  for  the  molasses  it  contained,  and  when  the  whole 
was  converted  into  molasses  it  gave  71.25  per  cent,  for  the  whole 
of  its  saccharine  matter,  giving  56.55  per  cent,  for  the  crystalliza- 
ble  sugar  it  contains. 

To  the  best  of  my  judgment,  I  should  say  that  the  samples  JO 
and  No.  1  are  sirup^  because  they  contain  so  small  an  amount  of 
uncrystallizable  sugar,  and  the  readiness  with  which  they  can  be 
made,  by  simple  means,  to  yield  good  sugar. 

This  sample  SV  must  be  called  molasses,  for  it  yields  a  large 
proportion  of  uncrystallizable  sugar,  and  cannot  be  made  by  simple 
means  to  yield  sugar. 

The  simplest  method  by  which  a  person  might  distinguish  good 
cane  sirup  from  molasses  and  spoiled  sirup  would  be  by  a  small 
apparatus,  on  the  principle  of  the  air  pump,  modified  to  suit  this 
peculiar  purpose.  A  more  abtruse,  and  perhaps  troublesome,  me- 
thod would  be  by  the  circular  polarization  of  light;  for  a  saccha- 
rine solution  that  should  cause  left  handed  polarization  would, 
probably,  be  of  little  use  for  the  production  of  sugar.  It  is  not  to 
be  concealed,  however,  that  good  cane  sirup,  boiled  till  it  should 
cause  left  handed  polarization,  would  be  in  a  fit  state  for  the  man- 
ufacture of  lemon  and  other  sirups,  and  for  many  other  purposes. 

The  above  is  most  respectfully  submitted. 

JAMES  THOMAS,  M.  D. 

To  Cornelius  W.  Lawrence,  Collector^  and  Elijah  F.  Purdt, 
Surveyor  of  the  United  States  Revenue  Department  for  the  city 
and  port  of  JSTew  York. 


New  York,  July  9,  1846. 

Sir:  The  undersigned  respectfully  represents  that  he  has,  by 
your  orders,  examined  three  samples  of  molasses,  given  to  him  by 
Captain  John  T.  Cairns  for  that  purpose. 
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Sample  No.  2  was  of  the  specific  gravity  of  1.373,  and  it  con- 
tuned  18.17  per  cent,  of  molasses  or  uncrystallizable  sugar,  and 
BP.63  per  cent,  of  crystallizable  sugar  or  cane  sugar.  The  whole 
qWBtity  of  saccharine  matter  it  contained  was  68.8  per  cent.  It 
W^ald  produce  sugar  by  simple  means. 

-Smmple  No.  3  was  of  the  specific  gravity  of  1.376;  it  gave  of 
molasses  80.46  per  cent.,  and  49.54  per  cent,  of  cane  sugar.  The 
vkok  quantity  of  saccharine  matter  it  contained  was  70  per  cent. 
li  would  produce  sugar  by  simple  means. 

'Sample  No.  4  was  of  the  specific  gravity  of  1.366;  it  contained 
of  inoiasses  or  uncrystallizable  sugar  18.88  per  cent,  and  46.62  per 
•ent  of  crystallizable  or  cane  sugar.  The  whole  amount  of  saccna- 
rine  matter  it  contained  was  66.4  per  cent.  It  would,  with  some 
diflEiculty,  produce  sugar  of  a  very  dark  color,  almost  as  dark  as 
the  molasses  itself.  This  sample  contained  a  considerable  quan- 
tity of  lime  and  other  inorganic  matters. 

For  the  methods  followed  in  the  examination  of  these  samples  I 
lespectfully  refer  you  to  my  former  communication  to  you  relative 
to  this  subject,  in  which  the  methods  followed  in  these  analyses 
are  detailed,  and,  therefore,  it  is  unnecessary  to  repeat  them  here. 

The  above  is  most  respectfully  submitted. 

JAMES  THOMAS,  M.  D., 
39/A  street^  near  Sth  avenue^  Jfew  York. 

To  Elijah  F.  Furdy,  Surveyor  of  the  United  States  Revenue  De- 
fmriment/or  the  city  and  port  of  Jfew  York. 


C. 

New  York,  July  17,  1846. 

Sib:  I  have  carefully  analyzed  the  two  samples  of  *^  molasses'' 
irMch  you  sent  me,  and  find  them  to  contain  as  follows: 

Sample  marked  JO. — The  specific  gravity,  at  60^  Fahrenheit,  is 
1.341.     One  hundred  parts  by  weight  contain — 

Crystallizable  or  cane  sugar •  68.20 

Uocrystallizable  sugar 8.43 

Water 16.20 

Mucilage,  extractive  matter,  &c 17.17 

100. 

Sample  marked  ARyC*. — The  specific  gravity,  at  60^  Fahren- 
heit, is  1.333.     One  hundred  parts  by  weight  yielded. 

Crystallizable  or  cane  sugar 40.4 

Uncrystallizable  sugar 10.0 

10 
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Water .  •  • • . ; 12.5 

Mucilage^  eztractiye  matter,  &c 37.1 

100. 

As  near  as  could  be  determined,  by  actual  weights  of  the  samples 
furnished)  one  gallon  of  the  sample  marked  Ju  woqld  weigh  11 
lbs.  11  ozs.  avoirdupois;  and  one  gallon  of  the  sample  marked 
AR,  C*  would  weigh  11  jbs.  12  ozs.  ayoirdupois. 

The  methods  of  analysis  by  which  these  results  were  obtained^ 
were — 

1st,  By  treating  a  known  weight  of  the  liquid  with  trisacetate 
of  lead,  to  separate  the  mucilage,  extractive  matter,  &c.  The 
clear  solution,  thus  obtained,  was  repeatedly  passed  through  fresh 
prepared  bone  charcoal  to  separate  the  excess  of  oxide  of  lead*.  It 
was.  then  8ub}ected  to  evaporation  in  vacuo  until  crystallization 
was  effected.  The  crystalline  mass  was  treated  with  absolute 
alcohol,  which  dissolves  the  uncrystallizable  portion. 

The  2d  method  was  a  modification  of  the  one  proposed  by  M. 
Barreswil,*  viz:  by  treating  a  given  weight  of  the  saccharine  fluid 
by  Trommer's  copper  test,  to  determine, the  proportion  of  uncrys- 
tallizable sugar.  The  whole  of  the  saccharine  matter  in  another 
similar  weight  of  the  fluid  is  to  be  converted  into  uncrystallizable 
sugar,  by  gently  boiling  with  a  few  drops  of  sulphuric  acid. 
Then,  by  treating  it  with  the  copper  test,  the  proportion  is  deter- 
mined; and,  by  subtracting  what  was  obtained  from  the  first  por- 
tion, the  amount  of  crystallizable  sugar  is  obtained. 

The  results  which  I  have  given  are  the  mean  of  what  I  obtained 
by  these  different  modes  of  analysis. 

Very  respectfully, 

JAMES  R.  CHILTON. 

Elijah  F.  Purdy,  Esq., 

Surveyor  of  the  port  of  Jfew  York. 


No.  9. 


21  Frankford  Street,  New  York. 
June  22,  1846. 

Sir:  After  a  month  of  very  tedious  investigation,  we  have  this 
day  given  in  to  the  surveyor  of  this  port  a  copy  of  the  analysis^ 
&c.,  of  Nuevitas  sirup  which  was  entered  as  molasses  in  the  custom- 
bouse.  The  chemist  proves  two  of  the  samples  to  contain  55  per 
cent,  of  granular  or  cane  sugar  by  the  heat  analyses,  and  that  it  is 
decidedly  sirup.  The  surveyor  has  ordered  other  samples  of  sirup 
to  be  analyzed,  which  is  from  other  places. 


*  Chemical  Gazette,  No.  62,  December  16, 1844. 
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We  have  also  laid  down  in  the  report  plans  how  to  detect  sugar 
in  disguise.  I  trust  you  will  now  see  that  the  chemist  and  myself 
kaye  done  our  duty.  Furthefi  if  I  could  do  more,  I  would.  I 
tfn&t,  honored  sir^  you  will  order  me  some  remuneration  for  labor 
and  loss  of  time,  having  worked  hard  -night  and  day  in  this  matter. 
Others  are  paid  by  the  custom-house;  and,  although  they  are  aware 
how  I  have  worked,  yet  I  do  not  apply  to  them,  but  to  your  hon- 
orable self,  for  some  reward  for  my  labor  and  perseverance.  I 
trast  you  will  give  me  an  early  reply. 

In    the    interim,    I    am,    sir,   your    very   humble    and   obedient 
servant, 

WILLIAM  F.  WILKINS. 

To  the  Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury, 


Custom-house,  New  York, 

Collector's  Office^  July  24,  1846. 

Sir:  I  return  Mr.  Wilkins's  letter  to  you  of  the  22d  ultimo,  re- 
ferred to  me  for  a  report. 

In  consequence  of  the  representations  of  Mr.  Wilkins^,  the  sur- 
veyor caused  an  analytical  examination  to  be  made  of  the  article 
referred  to,  and  informed  him  that  he  could  be  present  at  such  ex- 
amination. I  believe  he  did  attend.  The  report  of  the  surveyor, 
communicating  the  result,  was  transmitted  to  you  on  the  21st  in- 
stant. 

Messrs.  Holt  &  Owen,  of  this  city,  entered  at  this  office,  on  the 
15th  instant,  a  cargo  of  molasses,  per  brig  Clarissa,  from'  Nuevitas. 
I  informed  them  that  I  should  not  authorize  its  delivery  exoept 
they  deposited  an  amount  sufficient  to  cover  the  duties,  if,  on  ex- 
amination, it  should  prove  to  be  sirup  of  sugar.  They  declined 
making  such  deposite,  and  I  directed  the  retention  of  the  molasses 
until  it  was  fully  examined,  and  we  were  satisfied  of  its  character. 

The  surveyor  consulted  Mr.  Chilton  on  the  subject,  and  received 
from  him  the  enclosed  letter  giving  the  results  of  his  previous  ex- 
aminf^tions. 

We  have  made  diligent  inquiry  of  merchants  and  dealers  in  mo- 
lasses, and,  in  every  instance,  the  answer  has  been  that  the  proper 
same  of  the  article  is  molasses. 

Mr.  Havemeyer,  the  late  mayor  of  this  city,  has  been  extensively 
encaged  in  the  sugar  trade,  and  is  one  of  our  most  independent 
and  intelligent  citizens,  and  particularly  well  informed  in  reference 
to  the  laws  in  relation  to  sugar  and  molasses.  I  enclose  my  letter 
to  him,  and  his  reply. 

I  also  enclose  my  letter  to  the  United  States  appraisers,  with 
their  reply. 

I,  therefore,  came  to  the  conclusion  that  the  owners  were  entitled 
to  receive  the  molasses  upon  paying  4^  mills  per  pound  duty,  and, 
consequently,  directed  its  delivery. 

It  is  evident  that;  if  I   am  to  be  governed  b^  VU  commttcxol 
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name^  the  article  imported   from  Nuevitas   as  molasses   is  rightly 
Earned,  and  should  be  assessed  accordingly— 4|  mills  per  pound. 

If,  however,  its  name  is  to  be  ascertaii^d  and  decided  by  analy- 
sis, some  determinate  standard  should  be  fixed  upon  and  promul- 
gated. 
I  have  the  honor  to  remain,  sir,  yours,  very  respectfully, 

C.  W.  LAWRKNCE. 
Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury y  Washington. 


New  York,  July  21,  1846. 

Dear  Sir:  I  have  for  the  last  three  or  four  years  past  analysed 
various  samples  of  molasses  which  have  come  to  this  port  from 
Cuba  and  other  ports  of  the  West  Indies,  and  have  almost  uniformly 
found  them  to  contain  from  65  to  75  per  cent,  of  pure  saccharine 
matter,  but  not  all  in  a  crystallizable  state.  The  proportion  of 
crystallizable  or  cane  sugar  contained  in  the  samples  of  Nuevitas 
molasses  which  I  have  heretofore  analyzed,  was  very  nearly  the 
same  as  contained  in  the  samples  which  I  analyzed  for  you  recently. 
Very  respectfully,  yours, 

JAMES  R.  CHILTON. 

Elijah  F.  Purdy,  Esq. 


Custom-house,  New  York, 
Collector's  Office^  July  22,  1846. 

'^  Sir:  I  have  to  beg  the  favor  of  you  to  examine  the  cargo  of 
molasses  imported  by  Messrs.  Holt  &  Owen  in  the  brig  Clarissa, 
from  Nuevitas.  Is  it,  in  your  opinion,  molasses*  which  is  intended 
by  the  tariff  act  of  1842  to  pay  duty  at  the  rate  of  4^  mills  per 
pound?  Or  is  it  the  sirup  of  sugar,  which  would  pay  2|  cents  per 
pound — equal  to  about  29  cents  the  gallon? 

I  am,  sir,  yours,  very  respectfully, 

C.  W.  LAWRENCE. 
Hon.  W.  F.  Havemeyer,  JV*ew  York. 


New  York,  July  22,  1845. 

Dear  Sir:  According  to  your  request,  I  have  examined,  in  the 
surveyor's  office,  a  number  of  samples  of  molasses  said  to  have 
Veen  taken  from  the  care;o  of  the  brig  Clarissa,  from  Nuevitas,  and 
consigned  to  Messrs.  Holt  &  Owen,  and  have  no  hesitation  in 
stating,  as  my  opinion,  that  the  same  are  samples  of  Nuevitas 
molasses,  known  in  the  market  as  such,  and  subject  to  duty  as 
molasses,  and  not  to  duty  as  sirup  of  sugar. 

I  have  the  honor  to  remain  your  obedient  servant, 

W.  F.  HAVEMEYER. 

Hon.  CoRNEUVs  W.  Lawrence, 

Collector,  (fc. 
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Customs-house,  New  Yokk. 
Collector's  Office^  July  22,  18461 

Sirs:  I  have  to  request  that  you  will  examine  and  report  to  me 
on  the  cargo  of  molasses  imported  by  Messrs.  Holt  and  Owen  in 
the  ^rig  Clarissa,  from  Nuevitas.  Is  it,  in  your  opinion,  molasses 
which  is  intended  by  the  act  of  1842  to  pay  duty  at  the  rate  of  4^ 
mills  per  poundl  Or  is  it  the  sirup  of  sugar  which  would  pay  2| 
cents  per  pound — equal  to  about  29  cents  the  gallonl 
Yours,  very  respectfully, 

•  C.  W.  LAWRENCE, 

To  the  Principal  Appraisers 

of  the  port  of  JSTew  York. 


Appraisers'  Office, 

JVew  York^  July  23,  1846. 

Sir:  We  have  examined  various  samples  called  molasses,  im- 
ported by  Messrs.  Holt  &  Owen,  in  the  brig  Clarissa,  from  Nue- 
vitas, and  report  that  it  has  been  known  as  molasses;  is  now  known 
as  molasses,  and  nothing  else;  and  in  our  opinion,  is  justly  liable 
to  a  duty  of  4j^  mills  per  pound,  under  the  tariff  of  1842,  and  ,no 
more. 

Most  respectfully, 

G.  W.  POMEROt, 


Hon.  C.  W.  Lawrence,  Collector. 


SAM.  J.  WILLIS. 


No.  10. 


Collector's  Office, 
District  of  Philadelphia^  June  30,  1846. 

Sir:  Yoiirs  of  the  27th,  transmitting  a  resolution  of  the  Senate 
of  the  26th  instant,  in  relation  to  frauds  supposed  to  have  been 
committed  upon  the  revenue  by  the  importation  of  sirups  as  mo- 
lasses, has  been  received.  In  reply  thereto  I  be^  leave  to  state, 
that  on  the  10th  August,  1843,  an  elaborate  scientific  report  upon 
the  subject  (to  which  I  beg  leave  to  refer  you)  was  transmitted  to 
your  department  by  my  predecessor. 

Since  that  period,  especial  care  has  been  taken  to  detect  any- 
thing in  (he  nature  of  the  frauds  referred  to  in  the  resolution  of 
the  Senate.  The  records  of  this  office  furnish  no  evidence  upon 
which  to  ground  even  a  suspicion  pf  any  evasion  of  the  revenue 
laws  in  regard  to  the  article  i&  question;  nor  do  I  believe  that  any 
attempt  to  commit  such  frauds  could  possibly  escape  the  vigilance 
of  our  officers. 

Very  respectfully,  your  obedient  servant, 

HENRY  HORN,  Collector. 

Hon.  R.  J.  Walker^ 

Secretary  of  tAe  Treasury.  * 
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No.  11. 


CoLLE€n:oR's  Office, 
Baltimore^  June  29,  1816. 

StE:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  27th  instant;  and,  in  reply,  state  that  no  cases  of  frauds 
mentioned  in  the  resolution  of  the  Senate  of  the  26th  instant,  have 
been  committed  or  attempted  at  this  port,  on  the  importation  of 
sirups  as  molasses.  This  article  of  merchandise  is  subject  to  the 
particular  inspection  of  the  surveyor  of  thii^port,  who  reports  to 
me  as  above  stated. 

With  great  respect,  sir,  your  obedient  servant, 

W.  H.  MARRIOTT,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury  of  the  United  States^ 

Washington  City, 


No.  12.      . 

Custom-house,  Norfolk,  July  1,  1846^ 

Sir:  I  have  received  your  letter  of  the  27th  ultimo,  submitting 
a  resolution  of  the  Senate  of  the  United  States  of  the  day  previous, 
in  relation  to  the  frauds  reported  to  have  been  committed  by  recent 
importations,  from  the  West  India  islands,  of  sirup  as  molasses, 
&c.,  and  directing  a  report  to  be  made  of  any  cases  of  frauds  of 
the  kind  referred  to,  committed  or  attempted  at  this  port. 

In  reply,  I  have  the  honor  to  state  that  there  is  no  reason  to  be- 
lieve or  to  suspect  that  any  such  cases  have  occurred  at  this  port. 

I  am,  very  respectfully,  your  obedient  servant, 

CONWAY  WHITTLE,  Collector. 

Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 


No.  13. 


Collector's  Office,  Elizabeth  City, 

July  6,  1846. 

Sir:  In  reply  to  yours  of  the  26th  ultimo,  I  have  to  state  that, 
to   the  best   of  my  knowledge,  there  has  been   no  attempt   at  this 

ftort  to  defraud  the  revenue  by  the  importation  of  ^^sirups   as  mo- 
asses;''  consequently,  I   have  formed   no  views   on  the    subject  of 
giiar()ing  against  the  recurrence   of  such  frauds  as  are   referred  to 
in  the  resolution  of  the  Senate  of  the  United   States,  annexed   to^ 
your  letter. 

Very  respectfully,  your  obedient  servant, 

WM.  D.  PRITCHARD,  Collector. 
Hod  R.  J.  Walker, 

Secretary  of  the  Treazur%^  Washington^  D,  C^ 
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No.  14. 

Custom-house,  Washingtoni  N.  C, 

July  6,  1846. 

Sir:  In  answer  to  your  letter  of  the  27th  of  June,  I  have  to  say 
I*am  not  aware  of  any  cases  of  frstud  haying  been  committed  in 
this  district  by  the  importation  of  sirups  as  molasses;  and  I  deem 
it. proper  to  state  that  I  apprehend  but  little  danger  of  any  such 
bein?  committed,  there  being  no  re£neries  in  this  part  of  the  State, 
the  importation  and  the  consumption  of  molasses  being  too  small 
to  offer  inducements  to  violate  a  law  that  could  so  easily  be  de« 
tected.  I  shall,  notwithstanding,  endeavor  to  keep  vigilant  watch 
in  person,  so  far  as  practicable,  and  promptly  report,  if  any  attempt 
be  made  within  my  knowledge. 

I  am  unable,  at  this  moment,  to  suggest  any  measure  that  would 
be  likely  to  defeat  an  attempt  at  fraud  of  this  nature,  except  it  be 
by  levying   such  duty  as  would   make  it  pay  in   proportion  to  its. 
value  with    sugar,   and  vigilance    and    strict  enforcement  of   the  . 
revenue  laws. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

JAMES  K.  HATTON,  Collector. 


No.  15. 


Collector's  Office, 

Charleston^  July  1,  1846. 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the   27th  June,  with   the  resolution   of  the   Senate,  asking  for 
information  as  to  frauds  which  may  have  been  attempted  c« 
mitted   in  .this  port  by  the  importation  of  sirups  as  molasses. 

Nothing  has  occurred  here  inducing  me  to  believe  that  any  such 
fraud  hasbeen  either  attempted  or  committed.  There  are  no  sugar 
refineries  or  manufactories  in  this  vicinity,  and  the  sirup  here 
would  be  useless  to  the  importer. 

If  the  molasses  hogsheads  were  properly  gauged,  and  the  mo« 
lasses  examined  and  weighed  carefully,  I  should  presume  that  it 
would  not  be  difficult  to  detect  any  attempts  to  introduce  sirups  as 
molasses.  As  the  former  article,  however,  is  not  brought  into  this 
porty  I  have  no  experience  as  to  its  appearance  or  properties,  and 
could  offer  conjectures  only  as  to  the  proper  mode  of  detecting  it 
if  attempted  to  be  introduced  fraudulently. 

i  have  the  honor  to  be,  with  greatrespect,  your  obedient  servant. 

W.  J.  GRAYSON,  Collector' 

Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 
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No.  16. 


Custom-house,  Savannah^  July  3, 1846. 

Sir;  Your  letter  of  the  27th  ultimo,  with  the  resolution  of  the 
Senate  of  the  United  States  annexed,  relating  to  the  frauds  reported 
to  bayie  been  committed  by  recent  importations  from  the  West  India 
islands  into  ports  of  the  United  States,  has  been  received. 

In  reply,  I  have  the  honor  to  sta^e  that  no  case  of  fraud  of  the 
kind  referred  to  has  been  committed  or  atempted  at  this  port  on 
the  importation  of  sirup  as  molasses. 

Mr.  Tupper,  the  weigher  and  gauger,  assures  me  that  no  fraud 
of  the  kina  has  been  attempted  here.  He  was  formerly  engaged 
extensively  in  commercial  business,  and  he  says,  should  a  case 
occur,  he  could  rely  with  confidence  upon  his  practical  experience 
and  knowledge  of  the  articles  (sirup  and  molasses)  to  detect  the 
same  without  doubt  or  hesitation. 

I  am  not  aware  of  any  test  that  I  could  suggest  that  would  be 
equal  to  the  practical  experience  and  knowledge  of  the  examining 
officer,  whose  vigilance  should  be  particularly  directed  to  the 
subject. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  BULLOCK,  Collector. 

Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 


No.  17. 


Collector's  Office, 

Mobile,  July  6,  1846. 

Sir:  I  have  the  honor  to  report,  in  answer  to  your  favor  of  the 
5!7th  ult.,  that  no  frauds  have  occurred  in  the  introduction  of  sirups 
as  molasses  into  this  port,  at  least  during  the  last  fiscal  year;  for  I 
find  on  examination  that  no  molasses  have  been  imported  during 
that  time  from  the  West  Indies. 

With  respect  to  the  measures  necessary  to  ^uard  against  the  re*  • 
currence  of  such  frauds,  I  beg  leave  to  say  that  my  attention  has 
not  been  sufficiently  drawn  to  this  subject  to  enable  me  to  make 
any  practical  suggestions.  The  subject  is  one  of  much  difficulty. 
^^Sirup  may  be  so  disguised  as  to  render  it  extremely  difficult,  if 
not .  impossible,  for  even  experienced  sugar  refiners  to  decide 
whether  it  be  molasses  or  not."  (Professor  McCulloh,  Senate 
document,  28th  Congress,  2d  session,  JNo.  165.) 

The  best  general  remedy,  however,  suffer  me  to  remark,  not  only 
for  this,  but  for  all  other  attempts  to  defraud  the  revenue,  would  be 
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the  tdoption  of  tbe^  moderate  scale'  of  duties  heretofore  recom- 
mended oy  you  to  Congress. 

I  am,  siFi  very  re9pectful]y.  your  obedient  servanti 

JAMES  B.  SAUNDERS,  Collector. 
Hon.  R.  J.  Walkcb, 

Secretary  of  the  Treasury. 


No.  18. 


Surveyor's  Office, 
Jfew  Orleans^  July  16,  1846. 

Sib:  'Within  the  last  sixty  days  there  have  been  several  large 
importations  of  molasses  into  this  port,  and  two  of  tbe  cargoes 
have  been  subjected  to  a  chemical  analysis  by  an  able  professor, 
and  found  to  be  molasses  and  not  sirup. 

Noticing  a  call  upon  the  Treasury  Department  for  information 
on  tbe  subject  of  the  fraudulent  importation  of  sirup  as  molasses, 
I  have  thought  proper  to  communicate  to  the  department  that  no 
8och  frauds  are  believed  to  have  been  practised  in  this  port  by  im- 
porters of  molasses. 

Very  respectfully,  your  obedient  servant, 

DAVID  HAYDEN,  Surveyor. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury^  Washington^  D.  C. 


No.  19. 


Custom-house,  Apalachicola,     . 
July  20,  1846. 

Sib:  In  reply  to  your  letter  of  the  27th  of  June  last  in  regard  to 
the  fraudulent  importation  of  sirups  as  molasses,  I  have  to  state 
that  no  such  evasions  of  the  law  have  been  attempted  at  this  port. 
The  entire  importations  of  molasses  made  during  the  past  year  at 
this  place  have  been  regularly  gauged  and  weighed,  and  there 
could  have  been  no  mistake  in  regard  to  its  true  character. 
Respectfully,  your  obedient  servant, 

SAML.  W.  SPENCER,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury ^  Washington. 


No.  20. 


New  York,  July  20,  1846. 

Sir:  The  enclosed  letter  will  inform  you  something  of  the  char- 
acter and  the    object  in  view  which  the  Englishman  (Wilkins)  has 
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in  writing  to  the  Treasqry  Department  about  frauds  on  the  revenue 
by  the  importation  of  molasses.  We  have,  been  harassed  of  late 
by  the  detention  of  our  molasses  for  several  days  on  the  dock 
after  its  sale  to  the  grocers,  causing  us  great  inconvenience  and 
expense,  and  disappointment  to  the  purchasers  awaiting  the  result 
of  the  chemical  analyses  ordered  by  the  collector.  Recently  he 
has  employed  two  eminent  chemists  (Messrs.  Chilton  and  Thomas) 
to  analyze  imported  molasses;  the  first  analyzed  Nuevitas  (Cuba) 
molasses,  and  the  second  Puerto  Rico  and  St.  Croix  molasses,  and 
both  testa  have  given  the  same  results. 

The  Nuevitas  molasses  consigned  to  us,  marked  AR,  C  ,  and 
which  was  analyzed  by  Professor  Chilton,  after  keeping  it  on  the 
whaif  over  twenty  days  without  being  able  to  sell  it,  we  sent  to 
auction,  and  it  was  sold  by  the  auctioneers,  Messrs.  D.  C.  &  W. 
Pell,  to  the  grocers,  at  ]9J  and  20  cents  per  gallon,  at  four  months' 
credit.  A  better  proof  cannot  be  had  of  the  inferiority  of  this 
molasses.  We  do  hope,  sir,  that  after  you  are  satisfied  of  the 
character  of  this  Wilkins,  and  of  the  recent  chemical  tests  of  the 
different  qualities  of  molasses  that  have  been  analyzed  by  order  of 
onr,  collector,  something  will  be  done  to  prevent  the  frequent  vex- 
atious delays  we  are  constantly  subjected  to  after  odr  molasses  is 
landed  on  the  dock  and  sold.  All  our  recent  importation  of  mo- 
lasses already  sold  to  different  grocers,  lays  exposed  on  the  dock 
to  the  weather,  and  risk  of  being  stove  by  carts.  The  collector 
won't  allow  the  purchasers  to  take  it  away;  it  is  awaiting  your  de- 
cision which  we  do  hope  will  come  by  return  of  mail^  or  else  the 
purchasers  may  decline  taking  it,  and  we  thus  lose  the  sale. 

The  average  price  Nuevitas  molasses  has  brought  in  this  market 
for  the  last  ten  years  is  about  25  to  26  cents  per  gallon,  which  is  a 
little  under  that  brought  from  Puerto  Rico. 

The  object  this  Englishman  (Wilkins)  has  in  causing  all  this 
vexatious  trouble  is,  to  get  money  out  of  some  one.  He  has  tried 
to  levy  black  mail  upon  us;  has  called  on  the  surveyor  of  this  port 
for  the  result  of  the  chemical  analyses  of  the  molasses,  and  styles 
himself  the  representative  of  the  Louisiana  planters,  from  whom  he 
expects  large  remuneration  for  his  services  iii  guarding  the  revenue 
from  fraud. 

The  enclosed  certificate  from  our  principal  grocers,  to  whom  we  ' 
have  been  in  the  habit  of  selling  Nuevitas  molasses,  will  give  you 
their  views  about  said  article. 

Very  respectfully. 


Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury. 


HOLT  &  OWEN. 


Every  collector  and  surveyor  of  this  port  for  the  last  fourteen 
years  have  had  the  molasses  from  Nuevitas  analyzed,  and  were 
convinced  to  their  satisfaction  that  it  was  nothing  but  molasses. 

We,  the  undersigned,  grocers  of  the  city  of  New  York,  do  cer- 
tify that  we  have  examined  all  the  recent  importations  of  Nuevitas 
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(Ciit>t)  molasseSi.aiid  htYe  bought  and  sold  said  article  for  many 
years;  and   do  pronounce  it  nothing  'more  than  molasses,  such  as 
we  are  in  the  habit  of  buying  from  Puerto  RicO|,  St.  Crbix^  and 
other.  West  India  islands. 
Nxw  YoEK,  July  20,  1846. 

A«  Hubbard  &  Co.  Burdick  &  Silkman 

Wm.  E.  Bird  Edwin  Smith 

W.  &  G.  C.  Woodhull  Beers  &  Bogart 

Oliver  Corwin  &  Co.  Medad,  Piatt  &  Co. 

Craig  &  Lane  Thos.  Morrell 

Penfold&  Schuyler  B.  H.  flowell  &  Co. 

Roberts  &  Spencer  Jno.  J.  Moore  &  Co)^ 

W.  O.  Streting  &  Co.  Arctilarius  &  Bonnett 

Evans  &  Almy  Williams  &  Hamley 
Southworth,  Litchfield  &  Beach   Henry  K.  Morgan 

Beale,  Melich  &  Delbit  Coman,  Hopkins  &  Co. 

Danl.  F.  Youngs  C.  &  L.  Denison  &  Co. 

Datro,  Miller  &  Co.  P.  G.  Arcularius  &  Co. 
Hopkins  Hawley 


New  Yohk,  July  18,  1846. 

Sib:  Our  attention  has  been  called  to  several  communications  in 
the  public  papers  in  relation  to  frauds  on  the  revenue,  by  the  im- 
portation of  sirup  molasses  under  the  name  of  molasses;  and  as 
some  importance  has  been  attached  to  the  communications  made  to 
you  on  the  subject,  we  deem  it  our  duty  to  make  you  acquainted 
with  the  character  and  pretensions  of  your  informant. 
^  In  the  month  of  February  last,  an  Englishman  named  W.  F. 
Wilkins  called  on  us,  and  represented  himself  as  being  a  sober  and 
industrious  man,  and  that  he  understood  managing  steam-engines 
on  sugar  estates;  had  been  engaged  on  the  extensive  estate  of 
Monsieur  Millardon,  in  Louisiana;  was  perfect  mastef  in  making  a 
splendid  article  of  Muscovado  sugar,  &c.;  and  saia  if  we  would 
send  him  out  to  Cuba,  with  a  recommendation  to  our  friends  there, 
he  was  sure  of  teachiog  them  to  make  Muscovado  sugar  equal  to 
any  St.  Croix.  Having  then  a  vessel  about  to  sail  for  Nuevitas, 
we  told  him  that  we  would  give  him  a  free  pa^'sage  out  and  home, 
with  letters  to  our  friends.  He  then  begged  of  us  to  let  him  have 
$60  to  leave  with  his  wife,  as  she  was,  as  he  said,  without  means. 
He  seemed  so  anxious  to  go,  and  talked  so  much  of  his  thorough 
knowledge  in  sugar-making,  that  we  finally  let  him  have  the  $50; 
but  on  the  following  day  regretted  we  bad  done  so,  as  we  found 
Mr.'  Wilkins  was  not  the  sober  man  he  had  represented  himself  to 
be;  he  was  in  a  state  of  intoxication  till  the  vessel  sailed. 

On  the  day  of  his  arrival  at  Nuevitad  he  got  drunk,  and  accord- 
ing to  all  accounts  lay  in  that  state  on  the  wharf  the  greater  part 
of  the  time  whilst  the  vessel  was  loading.  During  some  of  his 
sober  moments  he  went  on  the  plantation  of  one  of  our  friends,  to 
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whom  we  had  given  him  a  letter,  and  he  placing  great  confidence 
in  the  su^ar-maker  we  had  so  highly  ncommendedi  delivered  over 
to  him  his  train  of  ketties,  that  he  might  have  an  opportunity  to 
go  on  and  make  the  splendid  sugar  he  boasted  so  piuch  of  being 
able  to  make.  In  a  very  short  time  the  planter  plainly  saw  that 
Mr.  W.  did  not  at  all  understand  sugar-making.  He  i^rote  to  us 
that  Wilkins  had  caused  him  about  $600  damages,  by  burning  the 
sugar  black  as  tar,  and  came  very  near  tuinin^  his  sugar  kettles. 
"When  Wilkins  found  out  he  could  not  do  anything  there,  he  again 
gave  himself  up  to  drinking,  and  was  drunk  nearly  all  the  while 
till  the  time  of  the  vessel's  sailing;  and  after  his  arrival  here  we 
saw  him  staggering  out  of  the  cabin.  This  said  Wilkins  wrote  us 
a  letter  from  Cuba,  which  he  brought  here  himself,  wherein  he 
says:  ^'My  iittentions  were  to  have  made  as  muck  money  out  of  the 
planters  during  crop  as  would  have  carried  myself  and  wife  to  Lou" 
donj  and  a  little  to  spare.  In  this  I  am  disappointed — that  isj  di" 
rectly;  but  I  am  certain  of  making  money  indirectly  by  the  trip^ 
which  may  in  the  long  run  abundantly  repay  me  for  the  said  trip,^^ 

You  thus  see  what  the  object  of  this  fellow  is  in  getting  the 
collector  of  the  port  to  have  Cuba  molasses  analyzed  by  chemists 
— molasses  that  the  su^ar-boilers  in  this  city  seldom  buy,  because^ 
they  say,  it  yields  so  little  sugar. 

Respectfully  submitted  by  your  most  obedient  servants, 

HOLT  &  OWEN, 

156  South  street. 

To  the  Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury ^  Washington. 


S9th  C0V6&E88,  [SENATE.]  EgECTtivB, 

2d  Session. 


REPORT 

or  THE 

SECRETARY  OF  THE  TREASURY, 

coMBnmiCATiNa 

^report  of  scientific  investigations  relative  to  the  chemical  nature 
of  saccharine  substances^  and  the  art  of  manufacturing  sugar; 
madej  under  the  direction  of  Professor  A.  D.  Bache^^  by  Professor 
R.  S.  McCulloh. 


March  1,  1847. 

Ordered  to  be  printed,  and  that  9,000  aiditional  copies  le  printed  for  ;h3  use  of  the  f eaate 


Treasury  Department^ 
February  27,  1847. 

Sir:  I  have  the  honor  to  transmit  herewith,  for  the  information 
of  the  Senate^  a  letter  from  Professor  A.  D.  Bachei  communicating 
a  report  of  scientific  investigations  relative  to  the  chemical  nature 
of  saccharine  substances  and  the  art  of  manufacturing  sugar^  tnade 
under  his  superintendence,  by  Professor  R.  S.  McCulloh. 

This  is  the  third  and  last  of  a  series  of  reports  of  the  chemical 
examinations  required  by,  and  made  in  obedi«;nce  to^  an  aot  of 
Congress  approved  3d  March,  1843;  the  first  and  second  of  whicli 
reports  are  contained  in  Senate  docu^nent  No.  165^  28th  Congres?, 
2d  session,  and  in  Senate  document  No.  467,  29th  Congress,  1st 
session. 

Tery  respectfully,  your  obedient  servant, 

R.  J.  WALKER, 
Secretary  of  the  Treasury. 
Hon.  Geo.  M.  Dallas, 

Vice  President  of  the  United  States^ 
and  President  of  the  Senate. 


Office  of  Weights  and  Measures, 
February  27,  1847. 
Sir:  In  the  month  of  June,  1S44,  I  was  requested  by  the  Trea* 
sury  Department  to  undertake  a' series  of  investigations  in  relation. 
to  the  chemical  nature  oi  molasseS;  sirups^  BU^ata)  ^U.^  i^^vt^^ 
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by  an  act  of  CoDgress  approved  3d  March,  1843,  and  so  to  conduct 
these  inquiries  as  to  obtain  full  and  correct  information  for  the 
guidance  of  the  revenue  officers  in  distinguishing  sirups  from  mo- 
lasses, and  the  incidental  benefit  of  persons  interested  in  the  man- 
ufacture of  sugar. 

I  had  previously  been  requested,  in  a  letter  from  the  Hon.  J.  C. 
Spencer,  then  Secretary  of  the  Treasury,  of  the  13th  March,  1844, 
to  prosecute  such  researches  as  might  be  necessary  to  construct  an 
accurate  hydrometer  for  ascertaining  the  proof  of  spirits^  un^er  the 
authority  of  an  act  of  Congress  approved  12th  January,  1825,  and 
which  confers  upon  the  Secretary  of  the  Treasury  the  right  ^^to 
substitute  such  hydrometer  as  he  may  deem  best  calculated  to  pro- 
mote the  public  interest,  in  lieu  of  that  now  prescribed  by  law.'' 

I  therefore  consented  to  the  proposed  arrangement,  on  condition 
that  the  department  would  appoint  an  assistant,  competent  to  per- 
form the  chemical  analyses  required  by  these  researches,  under  my 
direction,  so  as  to  enable  me  to  prosecute  the  inquiries  with  proper 
rapidity,  and  without  interference  with  the  responsible  and  imper- 
ative duties  devolved  on  me  by  the  coast  survey,  and  by  the  con- 
struction of  the  standard  weights  and  measures. 

The  appointment' of  such  an  assistant  being  determined  upon  by 
the  department,  I  nominated  as  a  proper  person  Professor  R.  S. 
McCulloh,  formerly  professor  of  mathematics,  natural  philosophy, 
and  chemistry,  in  Jenerson  College,  Pennsylvania;  since  appointed 
melter  and  refiner  of  the  United  States  mint  at  Philadelphia. 

After  the  appointment  of  Mr.  McCulloh,  the  researches  were  at 
once  commenced  and  prosecuted  uninterruptedly  by  him.  In  de- 
Tising  the  methods  to  be  followed,  and  performing  the  experiments 
required,  he  constantly  consulted  with  and  was  advised  by  me;  btkt, 
in  carrying  out  the  work,  much  had  of  necessity  to  be  left  to  his 
discretion. 

The  results  of  the  investigations  and  experiments  made  by  Mr. 
McCulloh,  in  so  far  as  they  relate  to  hydrometers,  and  have  been 
reported,  are  given  in  Senate  document  No.  165,  28th  Congress,  2d 
session;  and  upon  this  subject  further  experiments  and  inquiries  are 
still  to  be  made.  On  the  subject  of  sugars,  etc.,  two  reports  have 
already  been  submitted,  and  are  published  in  Senate  document  No. 
165,28th  Congress,  2d  session,  and  in  Senate  document  No.  467, 
29th  Congress,  1st  session;  and  the  third  and  last  report  is  here- 
with communicated  to  the  Treasury  Department. 

The  report  is  divided  into  four  chapters;  the  first  of  which  con- 
tains an  account  of  the  calculations  employed  in  the  method  of 
analyzing  sugars  by  polarized  light,  simplified  in  application  by 
rendering  those  data  constant  which  do  not  depend  upon  specific 
dififerences  of  the  substances  analyzed;  various  experiments  and 
analyses  made  in  Cuba  to  determine  the  proportion  and  chemical 
properties  of  the  juice  of  Otaheite,  Creole,  and  Ribbon  cane,  and 
remarks  showing  the  practical  objects  of  such  inquiries. 

In  the  second  chapter,  the  present  state  of  the  art  of  manufac- 
tvring  and  refining  sugar  both  from  beet  and  cane  juice,  in  Europe, 
the  West  Indies,  and  the  United  States,  is  elaborately  discussed. 
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The  defects  of  the  methods  commonly  employed  for  expressing  the- 
jiiice  are  pointed  out,  and  an  account  is  given  of  the  various  at- 
tempta  which  have  been  made  in  France  to  extract  the  portion  of 
juice  which  is  retained  by  the  pulp  when  it  has  passed  through  the 
mill.  The  subject  of  defecation  is  then  treated  of  fully,  as  well 
aa  the  chemical  reactions  of  the  lime  with  the  various  impurities  or 
fecalencies  in  beet  and  cane  juice,  and  the  use  of  animal  carbon 
for  removing  an  excess  of  lime  added  in  defecation  is  shown  to  be 
even  more  important  than  its  decolorizing  effects.  The  necessity 
of  filtration  is  proved,  and  the  various  kinds  of  cloth  and  bone- 
black  filters  are  described.  Then  follows  a  discussion  of  all  the 
methods  for  evaporating  saccharine  juices  hitherto  tried;  and  after 
pointing  out  the  injurious  effects  and  the  waste  of  the  methods  of 
evaporation  in  pans  subjected  to  the  direct  action  of  the  fire,  or  by 
exposing  the  juice  to  the  air  upon  heated  metallic  surfaces,  the  ad- 
rantages  of  evaporating  by  steam  and  in  vacuo  are  set  forth  in  an 
account  of  the  various  apparatus  invented  for  the  purpose,  and  in 
which  Howard's  vacuum  pan,  the  vacuum  pan  of  Roth,  and  the' 
systems  of  Derosne  and  Rillieux  are  discussed.  On  the  improve- 
ments of  Rillieux  particularly,  which  are  now  exciting  so  much 
interest  in  Louisiana,  and  which  enable  the  planters  to  make  sugar 
of  perfect  quality,  full  information  is  given.  And  the  economy  of 
the  9ucces8ive  use  of  latent  heat  in  trains  of  evaporating  pans, 
Vfhich  constitutes  the  chief  feature  of  Rillieux's  system,  is  proved 
by  a  simple  calculation. 

The  principles  of  crystallization,  by  attending  to  which  the  plan- 
ter can  give  to  his  sugar  any  desired  size  and  strength  of  grain,  are 
next  succinctly  stated,  and  illustrated  by  facts  taken  from  the  re- 
sults of  the  present  practice  of  sugar  boilers.  Attention  is  then 
directed  to  molasses,  as  a  saturated  solution  of  crystallizable  sugar, 
and  the  importance  of  extracting  this  sugar  is  ur^ed.  This  chapter 
ends  with  an  article  on  the  use  of  boneblack,  its  properties,  pre- 
paration, and  revivification. 

The  third  chapter  relates  first  to  the  importation  of  molass> »', 
■imps,  &c.,  and  it  is  shown  to  be  impossible  for  the  revenue  office*  s, 
in  some  cases,  to  decide  whether  an  article  is  genuine  molas&os 
of  superior  quality  or  strop  de  hatteritj  and  that  in  such  in- 
stances chemical  analysis  can  furnish  no  additional  information 
which  will  aid  the  officer.  This  chapter  closes  with  facts  relating 
to  the  subject  of  drawback  on  refined  sugar. 

The  fourth  chapter  contains  the  results,  arranged  in  tabular  form, 
of  the  chemical  analyses  of  several  hundred  specimens  of  molasses, 
sirup,  saccharine  sediments,  or  deposites  taken  from  casks  in  which 
molasses  was  imported,  and  of  sugars,  together  with  the  optical 
observations  and  general  descriptions  of  those  specimens,  which 
were  nearly  all  taken  by  the  revenue  officers,  in  obedience  to  orders 
from  the  Treasury  Department. 

The  report  concludes  with  an  appendix  explanatory  of  the  ac- 
companving  diagrams  of  the  various  improved  apparatus  now  used 
in  refining  or  manufacturing  sugar. 

The  informstioii  thus  given,  together  with  Wiat  coilU\\i^^  Vol  l^\« 
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mer  reports  upon  these  subjects,  constitutes  a  body  of  knowledge 
which  will  probably  be  found  valuable  alike  to  the  officers  of  the 
fetenuei  to  the  legislative  branch  of  the  government,  and  to  all 
interested  in  the  manufacture,  the  refining,  or  the  importation  of 
sugar; 

Very  respectfully,  yours, 

ALEX.  D.  BACHE, 
Superintendent  of  Weights  and  Measures^  4r^. 
To  the  Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury* 


Philadelphia,  February  24,  1847. 

Dear  Sir:  I  have  the  honor  to  communicate  to  you  the  following 
.  report  of  investigations  with  reference  to  saccharine  substances^ 
m^de  in  obedience  to  an  act  of  Congress  of  March  3,  1843,  and 
which  investigations  have  been  performed  by  Mr.  J.  B.  Reynolds 
and  myself,  in  such  manner  as  you  have  from  time  to  time  been 
pleased  to  direct,  either  orally  or  by  written  instructions. 

In  the  month  of  August,  1845,  the  collectors  of  the  ports  of 
Boston,  New  York,  Philadelphia,  and  Baltimore,  were. ordered  to 
take  samples,  for  chemical  analysis,  from  every  lot  of  sirup,  sugar, 
molasses,  and  of  sediments  in  molasses,  which  should  be  imported 
at  said  ports  within  sixty  days  after  the  reception  of  the  order,  and 
to  transmit  these  samples  to  me  at  Philadelphia,  with  all  the  in- 
formation requisite  to  identify  the  place  of  manufacture,  pircum- 
stances  of  importation,  and  nature  of  each  sample.  Several  hun- 
dred specimens  were  collected  and  sent  to  me  by  the  revenue ^pffi- 
cers,  in  obedience  to  these  instructions.  They  have  all  been  caire- 
fully  analyzed,  and  the  results  of  the  analyses,  together  with. the 
observed  data  and  descriptions  of  distinguishing  features,  or  differ- 
ences in  color,  taste,  grain,  &c.,  are  now  given  fully  in  chapter  4 
of  this  report.  For  the  purpose  of  rendering  evident  the  general 
facts  or  conclusions  which  are  established  by  these  numerous  ana- 
lyses of  every  variety  of  sugar  and  molasses  usually  met  with  in 
the  markets  of  the  United  States,  as  well  as  for  convenient  refer- 
ence, I  have  also  arranged  the  results  in  tables  1,  2,  3,  ftc,  of  the 
same  chapter. 

Whatever  may  have  been  the  design  of  that  part  of  the  resolu- 
tion which  required  the  question:  "  what  quantity  of  sugar  is  con- 
tained in.  different  saccharine  substances'?"  to  be  answered  by 
chemical  investigations,  the  answer  will,  I  trust,  be  found  fully  and 
satisfactorily  given  by  the  facts  now  renorted. 

To  the  examination  of  sirups  and  molasses  attention  has  been  es- 
pecially paid,  in  consequence  of  suspicions  entertained  by  some, 
and  public  statements  made  by  others,  that  extensive  frauds  have 
been  committed  upon  the  revenue  by  the  importation  of  pure  sirups 
under  the  name  of  molasses.  Upon  this  subject  I  have  already 
made  a  partial  report,  which  has  been  embodied  in  a  communication 
to  the  Senate  made  by  .the  SecxeUiy  of  th^  TreaaurY^  and  to  which 
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I  beg  leave  to  refer.     (See  Senate  documentr^No.  467,  session  Ist^ 
S9th  Congress.) 

The  further  reflections  now  submitted  in  chapter  3  will,  I  hopej 
serye  to  enlighten  legislation  and  the  administration  of  the  revenue 
laws  upon  these  matters;  and  the  facts  therein  set  forth  will  pro-  - 
bably  be  of  value  also  to  those  interested  in  the  manufacture  and 
refining  of  sugar. 

The  method  employed  and  chiefly  relied  upon  in  the  analyses 
was  that  of  M.  Biot,  based  upon  the  circular  polarization  of  light, 
originally  described  in  the  Cofnptes  Rendus  des  Siances  and  in  the 
Memeires  de  VAcad^mie^  and  which  I  have  also  discussed  in  a  for- 
mer preliminary  report  contained  in  Senate  document  No.  165,  2d 
session,  28th  Congress.  This  method  for  the  analysis  of  sugar  has, 
in  my  opinion,  the  gr^at  advantage  over  all  others  of  perfect  ac- 
curacy, united  with  great  facility  of  proper  performance,  so  that  a 
larger  number  of  exact  analyses  may  be  readily  made  by  it  in  a 
given  time  than  by  any  other.  Having  checked  it  by  other  meth- 
odS)  as  well  as  by  synthetical  experiments,  I  have  not  hesitated  to 
extend  to  it  the  entire  confidence  which  it  .deserves.  There  is 
something  apparently  so  abstract,  so  totally  different  from  the 
usual  methods  of  evaporation,  precipitation,  weighing,  &c.,  in  the 
employment  of  a  ray  of  light  to  determine  quantities  of  gross  mat- 
ter in  solution,  that  it  seems  almost  too  fanciful  to  be  real.  Science 
is  fall  of  such  beautiful  applications;  the  mariner's  colnpass,  for 
inptance,  indicating  the  meridian  in  obedience  to  the  power  of  a  no 
less  ether/sal  agent,  and  which  has  ceased  to  be  wondered  at  be* 
cause  it  has  grown  familiar  by  common  use. 

The  calculations  required  by  the  method  of  circular  polarization 
constitute  with  many  a  serious  objection  to  its  use.  They  are  sim- 
ple, and  easily  made  with  the  aid  of  logarithms;  but,  as  I  have  de- 
sired to  render  this  report  as  free  from  mathematical  calculations 
as  possible,  as  well  as  to  avoid  unreasonable  length,  I  have  not 
g^ven  the  calculations  in  full  of  more  than  two  or  three  analyses, 
which  may  serve  as  examples  for  any  one  who  is  disposed  to  com- 
pute from  the  observed  data  of  any  analysis  the  resulting  per  Cent. 
of  sugar  contained;  and  thus  to  check  the  truth  of  the  reported 
result.  In  justice  to  Mr.  Reynolds,  I  should  here  state  that  he  has 
repeated  the  calculations  of  all  the  analyses  given  in  chapter  4, 
and  thus  endeavored  to  render  them  free  from  accidental  errors: 
their  general  accuracy  may,  therefore,  be  confidently  relied  upon. 
After  all  the  samples  sent  from  the  different  ports  had  been  once 
analyzed,  many  of  the  analyses  were  carefully  repeated.  The  num- 
ber thus  re-analyzed  was  probably  one-third  of  the  whole,  and 
comprised  all  which  were  considered  in  the  least  degree  doubtful, 
and  many  which  were,  on  the  contrary,  selected  at  random,  and 
regarded  as  fully  entitled  to  credit.  The  object  of  this  repetition 
was  to  correct  errors  wherever  they  were  supposed  to  exist,  and  to 
check  work  presumed  to  be  correct.  The  results  obtained  were 
entirely  confirmatory. 

During  the  interval  which  elapsed  between  the  time  of  the  pre- 
paration of  my  first  or  prelimi.  ary  report,  und  that  eit  irhick  I  %-^ 
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ceived  from  the  revenue  officers  the  specimens  they  had  collected, 
much  of  my  attention  was  devoted  to  researches  connected  more  or 
less  directly  with  the  subject  of  hydrometers.  I  then,  in  obedience 
to  your  instructions,  visited  the  towns  of  Portland,  in  Maine;  Ports- 
mouth, in  New  Hampshire;  Newburyport,  Salem,  Boston,  and  New 
Bedford,  in  Massachusetts;  Providence,  Bristol,  and  Newport,  in 
Rhode  Island;  New  Haven,  in  Connectic.ut;  and  the  cities  of  New 
York,  Philadelphia,  and  Baltimore;  the  object  of  these  visits  being 
partly  to  inspect  the  condition  of  the  hydrometers  used  in  these 
various  ports,  by  comparing  them  with  standard  instruments  taken 
with  me,  and  belonging  to  the  Treasury  Department,  as  well  as  to 
ascertain  the  respective  practices  of  the  ports,  both  in  proving  alco- 
holic liquors  and  in  gauging  molasses;  and  partly  to  learn  the  yield 
of  refining  sugar  in  this  country,  in  referencie  to  the  proper  deter- 
mination of  the  drawback  to  be  allowed  on  foreign  sugars  refined 
in  and  exported  from  the  United  States.  The  information  thus  col- 
lected, in  as  far  as  it  is  relative  to  the  question  of  drawback,  is  now 
fiven  in  chapter  3;.  but  the  facts  which  refer  to  the  subject  of  hy- 
rometers  will  be  hereafter  communicated  in  a  separate  form. 
After  the  reception  of  the  above-mentioned  samples  of  sugar  and 
molasses,  &c.,  so  large  was  their  number  that  I  requested  and  ob- 
tained permission  to  employ  some   competent  chemical  assistant, 
who  might  not  only  aid  me  in  any  operation  when  called  upon,  but 
also  himself  conduct  analyses  under  my  superintendence.     In  mar 
*  king  this  request,  I  was  governed  both  by  considerations  of  econo- 
my and  by  a  desire  to  bring  the  work  to  as  early  a  termination  as 
{lossible.  The  services  of  Mr.  J.  B.  Reynolds,  then  assistant  in  the 
aboratory  of  the  collegiate  department  of  the  tJniversity  of  Penn- 
sylvania, and  previously  in  the  magnetic  observatory  of  the  Girard 
College,  were  consequently  engaged,  at  a  very  moderate  rate  of 
compensation;  and  it  gives  me  great  pleasure  to  state  that  I  found 
ip  Mr.  Reynolds  a  most  faithful,  efficient,  and  intelligent  assistant. 
His  practical  knowledge  of  chemistry  enabled  him  at  once  to  make 
himself  familiar  with  the  peculiarities  of  the  analyses,  and  to  give 
him  skill  in  their  performance.     I  therefore  felt  no  hesitation'in 
recommending  that  the  work  in  Philadelphia  should  be  continued 
uninterruptedly  by  Mr.  Reynolds  during  my  contemplated  journey 
to  Louisiana  and  Cuba.   Of  the  manner  in  which  he  acquitted  him- 
self of  the  responsible  task  iptrusted  to  him,  his  own  informal  re- 
ports to  you  will  have,  enabled  you  to  judge.     I  will  simply  add 
that  his  work  has  been  checked  and  confirmed  by  the  analyses  made 
since  my  return;  and  that  so  industriously  did  Mr.  Reynolds  prose- 
cute his  labors  in  my  absence,  that  the  larger  portion  of  the  analy- 
ses given  in  chapter  4  were  made  by  him  alone,  and  before  my  re- 
turn. 

As  many  saccharine  substances  cannot  be  kept  long  in  mild  cli- 
mates without  undergoing  change  by  fermentation,  it  was,  of  course, 
impossible  to  base  correct  conclusions  respecting  their  chemical 
nature  and  properties  upon  any  investigations  of  them  made  after 
they  had  been  subjected  to  the  influence  of  a  sea  voyage,  chanfl;e 
pfcUmutef  &c.  •It  was,  therefore,  thought  necessary  that  these  sub- 
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suifcps  should  be  examined  in  the  places  of  their  production;  ani 
to  that  end,  that  I  should  go  both  to  Louisiana  and  Cuba.  Tbe  al* 
leged  frauds  upon  the  revenue,  the  conflicting  views  and  statements 
of  persons  professing  a  full  knowledge  of  facts,  and  the  important 
interests  connected  with  and  dependent  upon  the  manufacture  of 
sugar,  constituted  reasons  which,  if  there  had  been  no  other,  would 
bsTe  required  the  journey  to  be  undertaken.  So  comprehensive  and 
indefinite  is,  however,  the  act  of  Congress  instituting  these  inqui* 
ries,  that  the  instructions  I  received  were  of  necessity  very  gene-* 
ral)  and  left  much  to  my  own  discretion.  If,  therefore,  in  endeav- 
oring to  comply  with  and  carry  them  out  in  their  spirit,  by  direct* 
iDfj^  my  attention  chiefly  to  those  matters  which  appeared  to  me 
most  important,  either  to  the  government  or  to  the  sugar  industry 
of  our  country,  I  have  erred  in  judgment  in  any  matter,  the  error 
will,  I  trust,  be  deemed  one  that  could  not  readily  have  been  guard- 
ed against. 

I  am  fully  conscious  of  the  imperfections  of  that  portion  of  mjr 
report  which  is  contained  in  chapters  1  and  2,  and  which  is  design- 
ed to  furnish  information  to  planters,  refiners,  and' others,  respect- 
ing the  chemieal  nature  and  the  proper  mode  of  the  manufacture 
of  cane  sugar.  But  such  as  it  is,  it  will,  I  hope,  be  found  to  con- 
tain only  views  based  upon  dorrect  scientific  principles,  and  there- 
fore be  useful  to  many  who  are  apt  to  be  misled  by  erroneous  state- 
ments. 

In  anticipation  of  my  journey  to  the  south,  and  in  obedience  to 
your  orders,  I  had  collected  together,  and  caused  to  be  carefully 
and  compactly  packed  in  boxes,  such  apparatus  as  would  be  neces- 
sary for  the  proper  performance  of  any  analyses  I  might  find  it  re- 
quisite to  make  either  in  Louisiana  or  Cuba.  Notwithstanding  all 
my  efforts  to  reduce  the  bulk  of  such  apparatus,  it  filled  several 
boxes.  This  proved  a  source  of  serious  incumbrance;  for  by  reason 
of  the  unusual  and  early  severity  of  the  winter,  the  Ohio  river  be- 
came firmly  frozen  on  tne  very  day  I  reached  it  on  my  way  to  New 
Orleans,  the  5th  of  December,  1846,  and  remained  so  during  the 
whole  of  that  month,  and  until  I. finally  retraced  my  steps  at  the 
beginning  of  January.  Had  my  baggage  consisted  only  of  my  wear* 
ing  apparel,  I  might  have  gone  by  land  to  Memphis,  Tcnnesseei 
and  thencQ  by  the  Mississippi  to  New  Orleans.  But  such  a  journey 
became  impracticable,  in  consequence  of  the  apparatus  I  was  obliged 
to  carry  with  me;  and  I  had  therefore  no  ulternative  but  to  return* 
or  wait  until  the  navigation  of  the  river  should  open.  I  had 
already  been  induced  by  the  probability  of  the  occurrence  of  milder 
weather,  and  of  a  thaw,  to  linger  upon  the  Ohio  until  I  felt  at  lib^ 
erty  to  wait  no  longer;  and  having  written  for  instructions,  which, 
though  sent,  failed  to  reach  m(%I  determined  to  return  to  Wash- 
ington, and  act  in  obedience  to  such  orders  as  might  there  be  given 
me.  The  time  had  passed  in  which  I  could,  with  any  reasonable 
expectation,  seek  to  arrive  in  Louisiana  during  the  sugar-making 
season;  and  the  gathering  of  the  Cuba  crop  had  commenced.  Under 
these  circumstances,  the  Secretar}  of  the  Treasury  saw  fit  to  direct 
that  I  should  go  to  New  York;  and  thence  proceed  lo  C\x\^^  nV^  %% 
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attle  delay  as^  practicable.  I  accordingly  went  at  once  to  New 
fork  and  engaged  my  passage  in  the  Havana  packet  which  sailed 
on  the  lOlh  January,  but  my  apparatus  did  not  arrive  in  time;  it 
had  been  detained  in  consequence  of  deep  snows  ampng  the  moon- 
tains,  over  which  it  was  conveyed  by  wagon.  No  other  vessel  was 
expected  to  sail  directly  for  Cuba  within  a  month;  I  therefore  sought 
the  advice  of  merchants  engaged  in  the  Cuba  trade,  who  recom- 
mended that  I  should  sail  either  to  Charleston  or  New  Orleans,  and 
and  there  take  passage  for  Havana  in  one  of  the  vessels  constantly 
engaged  in  carrying  rice  or  other  provisions.  I  preferred  to  go^by 
way  of  New  Orleans,  because,  though  less  direct,  I  could,  if  de- 
tained, occupy  myself  advantageously  in  examining  the  Louisiana 
sugar  industry.  In  making  this  choice,  I  have  reason  to  believe 
that  I  acted  wisely;  for  though  I  did  not  reach  New  Orleans  before 
the  close  of  the  grinding  season,  I  yet  foiyid  the  short  stay  I  ^as 
obliged  to  m^ake  there  of  great  value,  by  reason  of  the  information 
it  enabled  me  to  obtain.  I  would  gladly  have  protracted  my  visit 
to  Louisiana,  and  my  study  of  its  sugar  interests,  but  I  felt  botind, 
in  obedience  to  my  orders,  and  in  consideration  of  the  rapidly  ap- 
proaching termination  of  the  grinding  season  in  Cuba,  to  hasten 
mf  departure,  and  therefore  took  passage  in  the  first  vessel  which 
sailed  for  Havana. 

In  consequence  of  letters  which  I  took  to  the  commercial  house 
of  Drake  Brothers  &  Co.,  and  which  were  politely  given  to  me  by 
Moses  Taylor,  esq.,  an  eminent  merchant  of  the  city  of  New  York, 
I  enjoyed  every  facility  I  could  desire  for  the  prosecution  of  my 
researches  in  Cuba.  Having  ascertained  that  there  were  no  large 
iiugar  estates  in  the  immediate  vicinity  of  the  city  of  Havana,  I 
•went  first  by  railroad  to  San  Julian  de  los  Guines,  a  town  of  2,600 
ilihabitants,  about  forty-fiveis  miles  from  Havana  and  ten  miles  from 
the  sea,  on  the  south  side  of  the  island.  The  principal  objects  I  pro- 
posed to  attain  by  this  trip,  were,  first,  to  examine  cursorily  the 
plantations  in  the  neighborhood  of  Guines,  ftnd  particularly  the  In- 
genio  Jimistadj  a  sugar  estate,  upon  which  a  Derosne  train  was  in 
successful  operation;  and,  secondly,  to  observe  the  transverse  geo- 
logical section  of  the  island,  so  that  I  might  form  some  conception 
of  the  nature  of  its  various  soils. 

Guines  is  situated  in  a  large  and  perfectly  level  plain,  compri- 
sing an  area  of  about  200  square  milesj  and  extending  on  the  south 
Suite  to  the  sea,  while  on  the  other  three  sides  it  is  hemmed  in  by 
istant  and  bold  mountains.  This  plain  rests  upon  a  chalk  forfna- 
tiOfi;  and  being  w^ell  watered  by  numerous  and*beautifui  rivers,  it 
constitutes  one  of  the  most  fertile  districts  in  the  island. 

Here  are  seen  large  coffee  estates,  divided  by  avenues  of  royal 
pallbs,  of  cocoas,  ai.d  of  mangi^^s,  into  numerous  and  regular 
squares,  in  which  the  coffee  tree*and  the  banana  are  densely  planted 
in  alternate  rows,  and  around  which  the  orange,  the  lime,  and  the 
lemon,  the  pomegrantc  and  the  rose  apple,  form  a  border  loaded 
with  delicious  fruits,  and  constantly  ornamented  with  fragrant  and 
Deautiful  flowers;  while  along  the  avenues  rows  of  pine  apples  line 
iite  carefully  graded  walks,  in  which  no  blade  oi  grass  is  permitted 
/igrow^   nd  iitone  wallS)  upon  ivUloU  \\i%:l^\  \>\^^mva%  cetes 
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creeps  and  thrives  in  the  intense  light  and  heat  of  the  solar  rays,  or 
hedges  of  aloes,  whos^  spear-like  leaves  effectually  |  revent  intru- 
sion from  man  or  beast,  enclose  the  whole.  lo  the  very  centre  of 
such  a  paradise  as  this,  often  including  two  or  three  hundred  acres, 
the  coffee  planter  erects  his  dwelling  and  finds  his  home. 

Here,  also,  boldly  contrasted  with  the  quiet  and  studied  beauty' 
of  the  neighboring  coffee  estate,  appears  the  sugar  plantation,  in  its 
utter  plainness.  Large  fields  of  luxuriant  cane  stretch  far  and 
wide;  the  monotony  of  the  landscape  being  broken  only  by  a  few 
scattered  royal  palm  trees,  rising  perpendicularly  to  the  height  of 
fifty  or  sixty  feet,  and  then  spreading  out  their  long  feathery  leaves 
in  a  stately  crest;  and  by  the  immense  buildings  used  for  the  man- 
ufacture of  the  su^ar,  above  the  roofs  of  which  ri$%  the  high  chim* 
neys  of  the  furnaces,  emitting  dense  volumes  of  black  smoke,  and 
indicating  that  the  steam  engine  and  the  spirit  of  commercial  en- 
terprise are  busily  at  work.  No  avenues  or  groves  adorn  the  pre- 
mises, no<  even  about  the  mansion  of  the  proprietor,  which  is 
usually  extremely  plain  and  placed  in.  the  very,  midst  of  his  other 
buildings,  more  as  an  ofiice  for  business  than  as  a  pleasant  abode; 
the  whole  establishment,  indeed,  often  serving  the  purpose  rather 
of  an  immense  factory  than  of  a  country  residence  for  the  wealthy 
owner  and  his  family,  who  not  unfrequently  spend  their  time  in 
the  cities. 

Neither  the  coffee  nor  the  sugar  estates  of  the  plain  of  Guinea 
are,  however,  more  interesting  than  the  luxuriant  growth  of  its  na- 
tive forests.  Immense  cedars,  with  trunks  six  feet  in  diameter  and 
fifty  feet  in  length,  are  mingled  with  lofty  palms,  the  huge  ceyba,  the 
valuable  mahogany,  the  ebony,  and  the  lignumvita;;  while  the  wild 
orange,  various  small  trees,  innumerable  vines,  and  paraytes  or  air 
plants  of  a  thousand  different  species,  form  an  undergrowth,  too 
dense  for  any  but  the  smallest  animals  to  enter.  Here  the  chemist 
may  see  illustrated,  on  a  grand  scale,  the  truth  that  plants  derive 
their  nourishment  chiefly  from  the  atmosphere;  for  here  the  struggle 
is  not  for  soil,  in  which  roots  may  be  firmly  and  deeply  fastened^ 
but  for  a  few  inches  of  open  sky,  through  which  to  catch  a  portion 
of  air  and  of  life-giving  solar  light-r-a  struggle  in  which  the  para- 
sites seem  to  have  greatly  the  advantage,  fastening  themselves  upon 
and  finally  crushing,  as  they  do,  even  the  strongest  tree  that  up- 
holds them.  Of  ail  these  parasites  none  is  more  powerful  and  sin- 
gular than  the^cti^  tndtca,  the  Indian  rubber  tree.  Attaching  itself 
first  as  an  air  plant,  in  the  form  of  a  feeble  vine,  to  the  lofty  branch 
of  some  gigantic  'tree,  it  grows  downwards,  dividing,  as  it  falls, 
into  nume/ous  branches:  these  branches  reach  the  ground  and  take 
root,  and  each  becomes  the  attachment  of  a  separate  trunk;  all 
united,  however,  above  in  one  common  stem.  The  plant  then 
grows  rapidly,  increasing  greatly  in  thickness,  and  sending  off  from 
each  trunk,  laterally  and  upwards,  branches  which  entwine-about 
the  parent  tree.  Soon  each  interwoven  stem  and  branch  of  the 
parasite  attains  a  size  varying  in  diameter  from  four  or  five  inches 
to  a  foot;  and  the  lordly  tree,  which  had  often  proudly  withstood 
the  tropical  hurricane^  and  which  bad  at  first  geueto\i^\>]  ^m'^^qiV^jV. 
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the  delicate  vine,  now  becomes  its  prey,  and  decays  within  its 
deadly  and  crushing  embrace. 

With  no  fact  was  I  more  struck,  during  the  whole  of  my  stay  in 
the  island,  than  with  the  v'gor  of  vegetable  life,  an^l  its  dependence 
rather  upon  the  agency  of  heat  and  light  than  of  mere  soil.  The 
*  theory  ot  the  growth  of  plants,  which  has  been  the  result  of  such 
detailed  experiments  and  labored  arguments  among  northern  che- 
iliists,  here  forces  itself  at  once  on  the^mind,  a;id  compels  convic- 
tion through  the  medium  of  the  senses.  Who  that  sees  parasites 
f rowing  upon  every  tree,  dead  or  alive,  whether  the  wood  the(eof 
e  soft  or  spongy,  or  hard  as  iron;  whether  it  be  green  and  abound- 
ing in  sap,  or  dry  and  seasoned;  and  the  cactus  flourishing  beneath 
a  vertical  sun  ^on  the  surfaces  of  naked  rocks,  can  persuade  him- 
self that  soil  is  indispensable  to  vegetable  growth? 

The  preceding  observations,  whatever  value  they  may  have  in 
their  general  scientific  bearing,  have,  however,  a  relation  more 
closely  pertaining  to  the  subjects  of  this  report,  inasmuch  as  they 
present  the  grounds  upon  which  I  base  the  opinion  I  entertain, 
thai  whatever  advantages  the  rich  diluvial  soil  of  Louisiana  may 
possess,  these  are  tfnore  than  counterbalanced  by  the  Increased 
Tigor  of  vegetable  life  upon  lands  in  Cuba  even  of'  much  inferior 
quality. 

At  Guines  I  found  no  difficulty  in  hiring  good  horses,  it  being  a 
place  much  frequented  by  strangers,  and  particularly  by  consump- 
tive invalids  from  the  United  States.  With  no  other  guides  than 
some  of  my  suffering  fellow-countrymen,  who,  in  their  daily  exer- 
cise on  horseback,  bad  grown  familiar  with  the  various  roads,  I 
passed  from  one  estate  to  another,  without  a  single  letter  of  intror 
auction  U>  commend  roe  to  attention, yet  everywhere  received  with 
perfect  politeness,  and  with  that  generous  and  easy  hospitality 
irhich  distinguishes  the  native  population  of  Cuba,  no  less  than  the 
planters  of  our  own  country. 

Thus  I  spent  my  time  at  Guines,  and  returned  to  Havana  after 
aft  absence  of  but  three  days.  I  bad  fully  accomplished  the  ob- 
jects of  my  visit,  having  made  a  rapid  though  careful  reconnois- 
sance  of  the  industry,  the  vegetation,  and  the  geology  of  a  large 
section  of  the  island.  'From  what  I  had  seen,  I  hat]  obtained  in- 
formation which  enabled  me  to  form  a  more  definite  plan  for  the 
prosecution  of  my  investigations;  and  the  well  managed  sugar 
estates  (furnished  with  costly  machinery)  which  I  visited,  and 
irhich  had  each  required,  on  an  average,  an  investment  of  not  less 
than  a  hundred  thousand  dollars  in  fixed  capital,  had  entirely  dis- 
pelled from  my  mind  all  preconceived  notions  derogatory  to  the 
enterprise  and  intelligence  of  the  Spanish  Creole. 

The  planters  of  Cuba,  whether  we  judge  them  by  the  progress 
made  in  improvements,  by  the  skill  exercised  in  the  operations  of 
■manufacture,  by  the  judicious  managemetit  of  their  estates,  or  by 
the  information  and  intelligence  they  display,  may  certainly  be 
considered  as  the  equals  of  our  own  fellow-citizens;  and  should 
this  island  ever  become  free,  her  prosperity  will  perhaps  exceed 
iAat  of  any  equal  extent  of  territory  in  North  America;  for  nature 


167  [501 

iias  blessed  her  with  a  climate  and  a  degree  of  fertility  unsurpassed 
bj  those  of  any  part  of  the  globe. 

LeaTine  Hayana  immediately  after  my  return  fiom  GaineSi  I 
^proceeded  to  Matanzas,  and  went  directly  out  to  the  large  surar 
estates  in  the  country  south  of  that  port,  to  which  my  attention 
had  been  particularly  directed  by  the  honorable  R.  J.  Walker| 
Secretary  of  the  Treasury.  Letters  had  been  politely  given  me 
by  Mr.  Brinkerhoff^  of  the  house  of  Drake  Brothers  &  Co.,  to 
James  Macomb,  ^sq.,  proprietor  of  the  Ingenio  Victoria^  near 
Linonar,  apd  to  Jno.  Duggan,  esq.,  of  the  Ingenio  Saratoga^  a 
large  estate  belonging  to  the  above-mentioned  commercial  house. 
Under  the  hospitable  roof  of  Mr.  Macomb  I  was  most  politely 
welcomed,  and  enjoyed  for  several  days  every  facility  for  the  care- 
ful observation  o$  the  method  employed  in  the  manufacture  of 
xnascovado  sugar.  ^ 

From  this  plantation  I  went  next  to  the  Saratoga  estate,  where 
Mr.  Duggan  received  me  most  cordially,  and  invited  me  not  only 
to  make  his  house  my  home  during  the  rest  of  my  stay  in  the  is- 
land, but  also  to  permit  him  to  send  to  Matanzas(25  miles  distant) 
for  my  apparatus,  and  to  prosecute  my  chemical  researches  with 
bis  assistsnce,  and  under  his  notice.  A  room  was  tendered  to  m'e 
for  the  purpose,  and  I  was  assured  that  my  acceptance  of  it  would 
be  a  source  of  real  ^ratification.  At  first  I  was  disposed  to  decline 
this  most  desirable  offer,  supposing  it  to  have  been  prompted  by 
the  extreme  politeness  and  hospitality  of  Mr.  Duggan,  and  Feeling 
unwilling  to  trespass  upon  his  generosity.  But  the  invitation  waa 
urged  in  such  a  manner, as  to  convince  me  that  he  sincerely  de- 
sired me  to  do  as  he  had  requested,  and  I  therefore  cheerfully  ac- 
quiesced in  the  proposed  arrangetnent.  My  previous  plap  was  to 
have  returned  to  Matanzas  after  visiting  the  Saratoga  and  other 
estates,  and  to  have  sought  out  some  convenient  and  accessible 
office  in  which  to  make  analyses  of  cane  juice  and  other  substances 
procured  from  the  nearest  estates.  By  this  new  arrangement  I 
was  not  only  relieved  from  further  trouble  and  uncertainty,  but 
enabled  to  avail  myself  of  facilities  which  could  hbve  been  com- 
manded in  no  other  way.  At  any  moment  I  could  obtain  the  cane 
juice  perfectly  fresh,  and  at  all  stages  of  the  process  of  manufac- 
ture, as  well  as  the  canes  themselves,  and' every  other  interesting^ 
product.  Here,  also,  under  the  instruction  of  my  experienced  and 
intelligent  host,  I  could  study  quietly  and  carefully  all  the  details 
incident  to  the  manufacture  of  clayed  sugar,  and  under  his  gui-  * 
dance  visit-  and  compare  the  operations  on  all  the  neighboring 
estates.  The  arrieroj  with  a  number  of  pack  mules,  was  therefore 
despatched  to  Matanzas  for  the  apparatus  I  had  left  there  in  the 
charge  of  the  American  consul;  and  upon  its  arrival,  I  found  my- 
self in  the  possession  of  every  facility,  and  of  a  laboratory  as  well 
furnished  and  convenient  for  analytical  researches  as  any  chemist 
could  desire. 

Upon  the  Saratoga  estate  I  consequently  performed  my  analyseSi 
and  remained  until,  my  proposed  work  being  finished,  I  was  ready 
to  return  to  the  United  States.     The  time  had  p^sa^d  t^^vdV")  "V^Sy 
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I  was  thus  eDgaged)  and  it  was  not  until  the  month  of  April  that  I 
found  myself  again  in  Havana  and  on  my  way  to  New  Orleans. 

In   Louisiana    I    remained    but    a    few   days,  occupying  myself 
chiefly  with  inquiries  concerning  Rillieux's  improTed  method,  and« 
an  examination  of  bis  apparatus,  upon  the  plantation  of  Messrs. 
Packwood  and   Benjamin,  to  whose  politeness  I  am  indebted  for 
much  valuable  information. 

Since  my  return  to  the  north,  many  substances  have  been  ana- 
lyzed which  I  brought  with  me  from  Cuba;  for  I  there  ei^amined 
only  such  things  as  were  likely  to  change  by  fermentation,  reserv- 
ing all  that  could  t>e  brought  away  without  injury  for  future  and 
more  convenient  investigation. 

The  results  of  these  inquiries  will  be  found  in  chapters  1,  2,  and 
4.     That  th^y  have  constituted  a  work  of  much  labor  will  be  ap- 
parent.    It  has  been  executed  and  reported  with  as  little  delay  as 
possible;  but  vi^ith  what  .success  or  practical  value,  I  must  leave  to 
yourself  and  others  to  judge. 

In  all  my  investigations  I  have  constantly  endeavored  to  keep  in 
yiew  the  fact  that  they  were  designed  not  to  extend  general  or 
speculative  chemistry,  so  much  as  to  arrive  at  practical  and  eco- 
nomical results.  In  theoretical  chemistry  exact  combinations  and 
reactions  are  the  legitimate  subjects  of  pursuit  and  inquiry;  but  in 
chemistry  applied  to  the  arts,  considerations. of  mechanical  con- 
gtruction,  time,  labor,  or  expense,  often  render  impracticable 
that  which  would  otherwise  be  most  easy  and  simple,  and  become, 
therefore,  subjects  of  the  first  importance. 

I  have  not  seen  fit  to  include  the  culture  of  the  cane  among  the 
Blatters  discussed  in  this  report.  It  has  heretofore  been  far  better 
understood  by  the  planter  than  the  manufacture  of  sugar  from  ^he 
juice;  yet  the  analyses  I  have  made  of  the  ashes  of  the  cane,  and 
of  some  other  substances,  relate  more  particularly*  to  this  subject, 
and  I  inay  hereafter  state  the  conclusions  they  tend  to  establish, 
but  which  at  present  I  consider  too  speculative  for  practical  and 
industrial  purposes. 

Respectfully  submitted  by  your  obedient  servant, 

RICHARD  S.  McCULLOH. 

To  Professor  A.  D.  Bache. 
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REPORT 

To  Professor  A.  D.  Bache  of  investigations  made  under  his  super- 
intendence by  Professor  R.  S.  McCullohj  in  relation  to  sugar  and 
its  manufacture. 

CHAPTER  I. 

ANALYSES     AND    EXPERIMENTS    ON    THE    SUGAR    CANE^     MADE    ON   THE 
IN6ENI0  SARATOGA,  IN  CUBA. 

To  any  one  who  possesses  a  general  knowledge  of  chemistry^ 
the  investigations  reported  in  the  various  articles  of  this  chapter 
will,  I  hope,  be  found  readily  intelligible,  and  the  reasons  which 
dictated  each  particular  experiment  will  als6  be  manifest,  either 
from  its  bearing  upon  some  practical  point,  or  upon  the  chemical 
theory  of  the  extraction  of  sugar  from  cane  juice. 

To  such  information  as  may  be  found  in  almost  any  elementary 
treatise  on  chemistry,  it  is,  however,  necessary  to  add  the  follow- 
ing: 

1.  Cerosie  is  a  substance  closely  resembling  beeswax,  both  in  its 
appearance  and  its  properties.  It  was  discovered  or  first  investi- 
gated by  M.  Avequin,  of  New  Orleans,  who  gave  it  the  above 
name.  A  more  full  account  of  it,  taken  from  M.  Avequin's  de- 
scription, is  given  in  the  treatises  on  chemistry  both  of  Liebig  and 
Dumas,*  to  which  I  therefore  refer.  The  planter  may,  however, 
for  all  his  purposes,  regard  it  as  wax. 

2.  Pectiney  peetous  and  pectic  acid^  mefapectiney  metapectous  and 
metapectic  acid,  are  terms  used  very  loosely,  it  is  to  be  feared,  by 
chemists.  They  appear  to  be  applied  in  common  to  very  distinct 
substances,  and  the  analyses  even  of  one  kind  of  pectine  or  pectic 
acid  made  by  equally  skilful  chemists  do  not  agree.  In  the  fol- 
lowing analyses  I  use  the  term  pectine  to  denote  a  mucilaginous 
substance  contained  in  the  cane,  soluble  in  hot  water,  but  insoluble 
both  in  alcohol  and  cold  water.  And  hy  pectic  acid  I  designate 
the  analogous  substance,  which  is  precipitated  by  sub -acetate  of 
lead  and  other  re-agents  in  the  form  of  a  viscid  or  mucilaginous 
compound  or  salt.  It  is  very  desirable  that  this  whole  subject  of 
pectine  should  undergo  revision  by  some  chemist  of  ability  and 
skill.  It  was  my  intention  to  have  devoted  particular  attention  to 
the  mucilage  stated  to  be  contained  in  Louisiana  cane  juice,  often 
in  quantities  so  large  as  to  give  great  trouble  to  the  sugar  boilers; 


*Damas  Traits  de  Chitn.,  vol.  6,  p.  699;  PariS;  1S43.    Alio  Liebig'9  Chimie  Org&nique 
wl.  2,  p.  304j  Paris,  1844.  ' 
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and  I  regretted  the  circumstances  which  impeded  my  journey 
thither  more  on  that  account  than  any  other;  but  I  now  attach  less 
importance  to  the  subject,  for  it  has  been  shown  by  Messrs.  Ben- 
jamin and  Packwood  and  by  others- that  the  use  of  boneblack  and 
of  evaporation  in  vacuo  give  perfect  results.  Some  planters  had^ 
I  am  told,  entertained  the  opinion  before  that  boneblack  could 
not  be  used  fdr  purifying  the  cane  juice  of  Louisiana;  an  opinion^ 
doubtless,  based  upon  unskilful  experiments. 

3.  The  distinction  between  cane  or  crystallizable  sugar  and  un- 
crystallizable  sugar  is  one  obvious  enough  for  practical  purposes, 
and  which  I  have  discussed  somewhat  fully  in  a  former  report,  to 
which  I  therefore  refer,  (See  Senate  document  No.  165,  2d  session, 
28th  Congress.)  For  examining  a  solution  of  these  different 
sugars,  the  copper  test  of  Trommer  (described  also  in  the  above 
mentioned  report)  is  employed,  and  it  possesses  extreme  delicacy, 
giving  a  rich  blue  color,  with  pure  solutions  of  crystallizable  sugar, 
and  a  dense  red  precipitate,  if  the  smallest  quantity  of  uncrystal- 
lizable  sugar  be  present. 

4.  The  optical  phenomena  presented  when  a  ray  of  polarized 
light  passes  through  a  saccharine  solution  furnish  the  readiest,  most 
searching,  and  most  exact  method  of  determining  not  only  the  na- 
ture but  the  quantity  of  crystallizable  sugar  in  any  saccharine  sub- 
stance.* M.  Barreswill  has  brought  forward  a  method  of  ani^lysis 
founded  upon  the  above  reaction  of  sugars  with  the  copper  test, 
which  cannot,  in  my  opinion,  be  compared,  either  for  accuracy  or 
convenience,  to  the  optical  method;  and  it  is  preferred  only  by 
those  who  have  not  familiarized  themselves  with  the  advantages 
and  manipulations  of  the  latter. 

Although  I  have  already  given  in  detail  all  the  formulae  for  cal- 
culation, and  explained  fully  the  principles  upon  which  the  method 
of  analyzing  sugars  by  circularly  polarized  light  is  founded,  to 
which  I  may  therefore  refer  for  full  information,  (Senate  docament 
No.  165,  28th  Congress,)  as  well  as  to  the  researches  of  M.  Biot, 
in  the  MSmoires  de  VAcadimit  and  the  Comptes  Rendus  dts  S&ances 
de  PJlcad^mity  yet,  as  in  calculating  the  results,  and  in  performing 
the  analyses  now  reported,  many  simplifications  are  introduced  by 
the  artifice  of  rendering  constant  such  quantities  as  did  not  require 
to  be  variable  by  reason  of  their  constituting  specific  differences  of 
the  substances  examined,  I  deem  it  proper  to  present  the  simplified 
formulae,  even  at  the  expanse  of  causing  the  rest  of  these  introduc- 
tory remarks  to  be  repulsive  to  some  by  reason  of  an  algebraical 
dress. 

The  law  of  circular  polarization  by  liquids  discovered  by  M. 
Biot — that  the  angle  of  deviation  for  any  homogeneous  ray  is  pro* 
portional  to  the  length  of  the  tuhe^  the  density  of  the  liquid^  and 
the  proportion  of  active  matter — gives  the  following  formula: 

a  =  l  d  e  X  {a)  (1.) 

f      11  —  —  _■.•.■■.     II I 

*  Sec  Appendix;  note  A. 
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In  which  a  denotes  the  total  angle  of  deviation;  (a^  the  molecu- 
lar rotary  power,  or  unit  of  angular  deviation;  /  the  length  of  the 
tube;  d  the  observed  density  or  specific  gravity;  e  the  proportion 
or  per  cent,  of  the  substance  dissolved  and  to  be  analyzed;  and 
X  the  unknown  per  cent,  or  proportion  of  active  matter  in  that 
substance.  ^ 

If  the  substance  to  be  analyzed  consists  of  a  mixture  of^sane 
sug^r  and  other  active  substances,  then  will  tlie  angle  of  deviation 
observed  in  a  solution  of  definite  proportions  be  expressed  by 

a  =  S  +  D;  (2.) 

S  denoting  the  effect  produced  by  the  cane,  sugar,  and  D  that  by 
other  substances;  and  if  this  solution  be  diluted  to  the  strength 
denoted  by  n,  we  shall  have 

n  a  =  71  S  +  71  D;  or,  a'  =  S'  +  D'  ,    (3.) 

Putting 

a'  =  n  aj  etc. 

Lastly,  if  the  substance  employed  for  diluting  be  an  aqueous 
solution  of  hydrochloric  acid,  it  will  exert  a  peculiar  chemical 
and  optical  change  on  the  crystallizable  sugar  only,  by  converting 
it  into  a  substance  for  which  the  angle  of  deviation  changes  its 
sign,  oir  which  is  left  polarizing;  and  if  this  diluted  and  inverted 
liquid  be  observed,  we  have 

a"  =  D'  —  r'  S'  =  —  r"  a'  (4:) 

In  which  equation  r'  denotes  the  ratio  of  the  inverted  to  the 
direct  angle  of  deviation  for  pure  crystallizable  sugar;  and  r"  the 
corresponding  ratio  of  inversion  for  the  substance  to  be  analyzed. 

From  equations  (3)  and  (4)  we  get 

1  +r" 

S'  = a'  (6.) 

1  +  r' 

From  equation  (1)  we  hare 

S  S' 

I  d  e  X        n  I  d  t  X  (6.) 

in  these  equations,  r'  and  (a)  are  constants  depending  upon  .the 
chemical  nature  of  cane  sugar;  the  value  of  r'  has  been  carefully 
determined  by  M.  Biot  to  be  0.38;  and  (a)  may  be  eliminated  as 
follows: 

For  a  26  per  cent,  solution  of  the  sugar  used  as  the  standard  of 
these  researches,  observation  gave 

S'  42°  .6 

(a)=. ; 

n  I  d  e  X  .      I  d  e 
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»  and  n  being  each  unity,  d  was  found  to  be  1.1056;  and  e  being 

0.25,  we  have 

42.5 

I  (a)  = =  153:76 

(0.25)  (1.1056) 

H^ence,  by  substituting  in  equation  (6,)  we  have 

S' 


153.76  71  ed  (7.) 

And  using  for  n  and  e  in  the  analyses  the  constant  values  0.9  and 
0.25,  we  have,  by  substitution  and  reduction, 


X  = 


^4.596  d  (8.) 

Which,  with  formula  (5,)  was  that  usually  employed  in  the  cal- 
culations.    The  corresponding  logarithmic  equations  are 

log.  S'  =  log.  a'  +  log.  (1  +  r")  -  log.  (1  +  r ');  ?   .^  x 
Antl  log.  X  =  log.  S'  -  log.  d  —  log.  (34.696);  ]   ^^'f 

in  which  a',  r",  and  d,  simple   functions  of  the   observed  data,  are 
the  only  variables. 

That  these  expressions  may  be  simply  and  easily  calculated  nu- 
merically will  be  evident  from  the  examples  worked  out  in  this 
chapter,  and  which  may  also  serve  to  illustrate  the  calculations 
required  for  each  analysis  of  chapter  4;  the  observed  data  of 
which  are  there  all  given,  and  the  results  also  arranged  in  tabular 
form. 

Experiments  on  the  behaviour  of  Otaheiie  cane  juice  with  chemical. 

re-agents. 

5.  This  cane  juice  was  perfectly  fresh,  of  a  greenish  brown  color, 
somewhat  turbid,  and  of  the  specific  gravity  1.07  at  77°  Fahrenheit, 
the  temperature  of  the  room;  or  9^  Beaum6,  pdse-sirop^  as  indicated 
by  the  instrument  I  employed.  It  had  the  peculiar  stiptic  taste  of 
the  rind  and  leaves  of  the  plant. 

Treated  with  a  solution  of  caustic  baiyta  it  became  more  deci- 
dedly green,  and,  after  standing  a  few  moments,  gave  a  flocculent 
precipitate;  the  supernatant  liquid  being  perfectly  transparent,  and 
of  a  yellowish  green  color. 

Both  powdered  lime  and  lime  water  gave  bulky  precipitates  and 
clarified  the  juice. 

A  solution  of  caustic  potash  changed  the  color  of  the  juice  to 
yellowish  green,  or  greenish  yellow;  but  instead  of  separating, 
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seemed  rather  to  dissoWe  more  completely  the  feculencies.  Heat 
produced  no  effect  on  this  mixture,  except  to  deepen  the  color,  but 
after'standing  three  or  four  hours  the  feculencies  weta  imperfectly 
precipitated. 

Carbonate  of  potash   changed  the   color  to  reddish  green;  and., 
when  heated,  the  mixture  did  not  clarify;  nor  did  the  feculencies 
appear  to  separate,  except  by  evaporation  from  the  protracted  ap- 
plication of  heat,  and  not  by  any  chemical  action. 

Carbonate  of  amoiouia  changed  the  color  of  the  juice  to  a  dark 
greenish  brown,  and  did  not  clarify  it  at  all,  even  after  a  repose  of 
sereral  hours. 

With  a  solution  of  bichloride  of  mercury,  (corrosive  sublimate,) 
a  white  flocculent  precipitate  subsided,  and  a  dirty  squm  rose  to 
the  top,  the  intervening  liquid  being  perfectly  transparent  and  co- 
lorless. 

Sulphate  of  zinc  gave  no  precipitate  when  cold;  but  with  the  aid 
of  heat,  a  scum  rose,  which,  by  continued  application  of  heat,  sep- 
arated from  air  bubbles  and  subsided  as  a  slight  precipitate. 

A  solution  of  tannin  gave  a  small  precipitate;  and  after  filtra- 
tion, the  juice  was  nearly  clear  and  colorless. 

With  an  alcoholic  solution  of  iodine,  this  cane  juice  gave  no,  re- 
action, and  not  the  slightest  change  of  color.  Hence  I  conclude 
that  free  starch  cannot  exist  in  it. 

Filtered  through  coarse  boneblack,  the  color  was  entirely  re- 
moved, but  the  liquid  remained  opalescent^  in  which,  with  the  cop- 
per test  of  Trommer,.  not  even  a  trace  of  uncrystallizable  sugar 
was.  found  to  be  present. 

Heat  alone  caused  a  scum  to  rise  to  the  top,  which  adhered  to 
the  vessel.  This  scum  was  insoluble  both  in  water  and  alcohol. 
The  filtered  liquid  was  perfectly  transparent,  but  of  a  green  color. 
With  baryta,  it  gave  a  flocculent  precipitate. 

Heated  with  fine  boneblack  and  filtered,  it  lost  its  color  entirely, 
but  was  not  clear;  and  when  treated  with  a  solution  of  caustic  ba- 
ryta, this  filtered  juice  grew  turbid;  nor  did  it  clear  when  heated, 
which  only  caused  it  to  become  dark  colored.  The  reaction  with 
lime  water  was  similar  to  that  with  baryta. 

With  a  solution  of  the  sub-acetate  of  lead,  this  cane  juice  gave  a 
flocculent  light  olive  colored  precipitate,  and  the  supernatant  li- 
quor was  clear  and  colorless,  the  cane  juice  itself  from  which  it 
was  formed  being  even  of  a  much  darker  color  than  the  precipi- 
tate. 

Sub-acetate  of  lead  being  employed  in  excess,  the  supernatant 
clarified  juice  was  decanted  and  filtered  through  coarse  boneblack, 
which  rendered  it  perfectly  limpid  and  colorless.  In  this  filtered 
juice  neither  iodide  of  potassium,  sulphuric  acid,  nor  hydrosulphate 
of  ammonia,  gave  the  slightest  indication  of  the  presence  of  lead; 
which  seemsj  therefore,  to  be  separated  by  boneblack.  Nor  could 
the  slightest  trace  of  uncrystallizable  sugar  be  detected  in  it  by 
the  copper  test  of  Trommer. 

The  precipitate  formed  as  above,  by  sub-acetale  of  lead,  could 
no\ '  ht  »ep3rated  by  filtratidn.     It  was   so  vlscvd  ^s  Vo   ^\o%  >J^^ 


[50]  182 

pores  of  the  paper;  and  after  standing  twelve  hours,  the  superna- 
tant liqurd  still  continued  to.  occupy  the  filter.  When  thisliauid 
was  poured  o^,  the  precipitate  which  coated  the  filter  w&s  of  a 
mucilaginous  consistence.  Dried  on  wire  gauze  over  a  lamp,  and 
allowed  afterwards  to  stand,  it  grew  moist,  and  is,  therefore,  deli- 
quescent. 

This  precipitate  with  -sub-acetate  of  lead  was  insoluble  in  water 
or  alcohol,  both  cold  and  boiling;  sparingly  soluble  in  sulphuric 
ether,  which  becomes  colored  and  leaves  a  resinous  film  when 
evaporated.  Concentrated  hydrochloric  acid,  with  the  aid  of  heat, 
dissolves  it  partially.  So  likewise  does  a  solution  of  caustic  pot- 
ash, which  becomes  dark  colored.  Hydrochloric  acid  renders  the 
potash  solution  colorless  and  opalescent,  but  gives  no  precipitate; 
nor  does  the  bichloride  of  mercury  give  a  precipitate  with  either 
the  potash  or  the  acid  solution. 

Comparative  experiments  on  the  yield  in  juice  of  the  three  varieties 

of  cane. 

6.  I  weighed  out  accurately  21.111  ounces  of  Ribbon  cane, 
which  was  then  rolled  in  a  hadd  mill,  consisting  of  a  pair  of  small 
rolls  similar  to  those  used  for  rolling  metals,  or  to  the  large  rolls 
of  the  ordinary  sugar  mill.  For  the  use  of  this  apparatus  I  was 
indebted  to  Mr.  Duggan,  of  the  Saratoga  estate,  who  had  caused  it 
to  be  constructed  for  similar  experimental  purposes.  The  above- 
mentioned  quantity  of  cane  thus  yielded  12.542  ounces  of  juice,  of 
the  specific  gravity  1.085,  corresponding  tb  10°  Beaum4  of  the 
brass  instrument  I  employed,  but  to  11^  Beaum6  as  indicated  by 
the  glass  pese-sirop  belonging  to  Mr.  Duggan.  The  wet  begassa 
obtained  at  the  same  time  weighed  8.007  ounces. 

The  sum  of  the  weights  of  the  juice  and  the  begassa  being  only 
20.549  ounces,  it  follows  that  0.562  is  the  weight  of  juice  lost  and 
retained  upon  the  surface  of  the  mill..  This  loss  I  considered  so 
great  that  I  was  induced  to  repeat  the  experiment  with,  if  possi- 
ble, greater  care,  and  with  the  following  results:  19.483  of  ribbon 
cane  yielded  11.024  ounces  of  juice,  and  7.886  ounces  of  moist  be- 
gassa, the  quantity  of  juice  retained  by  the  mill  or  lost  being 
0.573  ounce.     Hence  we  have  the  comparative  results: 

First  experiment.     Second  experiment. 

Moist  begassa.. 37.92  40.51 

Juice  obtained 59.40  56.58 

Juice  lost 2.68  2.91 

Ribbon  cane.. 100.00  100.00 


7.  After  drying  for  forty-eight   hours   by  exposure    to  air  and 

sun,  the  8.007   ounces  of  moist   begassa  of  the   first   experiment 

weighed  only  3.422  ounces,  and  had  therefore  lost  4.585  ounces  of 

w^ter  by  evaporation.     So  likewise  the  7.886  ounces  of  begassa  of 

tie  second  experiment,  similarly  dt\eA,Nir^\g)[i^A  ^.b\^  c^Mtv^^^^and 

kad  therefore  lost  by  evaporation  4,^16  ouiic.^^  oi  nr^X^t.    \l  x^v% 
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water  be  supposed  to  be  united  with  one  fourth  of  .its  own  weighty 
of  sugar — a  supposition  which  probably  differs  little  from  the  truth 
— then  6.731  would  be  the  amount  of  juice  retained  by  the  8.007 
ounces  of  moist  begassa  in  the  first  experiment,  and-  5.470  ounces 
would  be  the  corresponding  amount  of  juice  retained  by  the  iboist 
bef^ssa  of  the  second  experiment.  Hence  it  would  follow  that  the 
ribbon  cane  experimented  upon  consists  of: 

By  Ist  experimdi^t.    By  2d  experimeat 

Woody  fibre 11.00  12^.40 

Saccharine  juic« 89.00  87.60 


100.00  100.00 


Of  the  88  per  cent,  of  juice  thus  shown  to  exist  in  this  ribbon 
cane,  62  per  cent,  only  were  expressed,  and  the  begassa  of 'cane 
ground  in  large  mills  probably  retains  a  similar  proportion. 

8.  From  15.072  ounces  of  Creole  or  crystallina  cane,  rolled  in 
the  same  manner  as  the  above  9.399  ounces  of  juice  of  the  specific 
gravity  1.079,  or  9^.5  Beaume,  were  obtained,  and  also  5.365  of 
moist  begassa;  0.308  ounce  of  juice  being  left  on  the  surface  of 
the  rolls.  By  drying  for  forty-eight  hours  in  the  air  and  sun,  the 
5.366  ounces  of  moist  begassa  lost  2.666  ounces  of  water;  And  sup- 
posing this  water  to  have  existed  in  that  begassa  as  saccharine 
juice,  containing  about  one-fifth  of  sugar,  we  have  as  the  yield  by 
rolling,  and  the  composition  of  this  cane,  the  two  following  respec- 
tive results: 

Juice  expressed 64.40    Juice  contained 86.50 

Moist  begassa 35.60     Dry  woody  fibre 13.60 

100.00  100.00 

Hence  we  find  that  only  about  three-fourths  of  the  juice  contained 
in  this  cane  was  eptpressed  by  the  process  employed. 

9.  By  similar  treatment  10.3855  ounces  of  Otaheite  cane  yielded 
6.502  ounces  of  juice  of  lighter  color,  apparently  cleaner  th&n  that 
obtained  from  either  of  the  other  varieties  of  cane,  and  of  the 
specific  gravity  1.0875,  or  10^.5  Beaum^;  also,  3.652  ounces  of 
moist  begassa.  It  had,  therefore,  left  on  the  surface  of  the  rolls 
of  the  mill  0.2315  ounce  of  juice.  After  drying  the  begassa  for 
two  days  in  the  ;sunj  it  weighed  1.9202  ounce,  iand  had,  therefore, 
suffered  a  loss  oif  1.7318  ounce  of  evaporated  water.  Hence  I  de- 
duce, as  above,  the  results: 

Juice  expressed  .........     64 .  83    Juice  contained 85 .  67 

Moist  begassa.....'...,.     35.17    Woody  fibre 14.33 

100.00  100.00 
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The  be^assft,  therefore,  retained  20.84  per  cent,  of  the  85.67  per 
cent,  of  jnice  which  this  cane  contained.     ; 

The  Orystallina  cane  employed  in  the  preceding  experiments  was 
plant  cane,  while  the  ribbon  and  Otaheite  were  rattoons:  hence  the 
great  difference  of  density  in  the  juice  obtained  from  the  former.^ 
A  perfectly  fair  comparison  of  the  three  varieties  could  only  be 
made  by  using  either  plant  canes  or  rattoons  for  each;  'but'the9e 
experiments  serve  to  show,  also,  that  juice  from  plant  canes  is  of 
inferior  richness  to  that  from  rattoons.  In  other  respects  the  canes< 
were  similar,  and  the  comparison  exact,  for  they  had  all  grown  in 
the  same  field,  and  were  of  the  same  age. 

10:  To  ascertain  whether  the  feculencies  which  are  contained  in 
cane  juice^  and  which  it  is  requisite  to  separate  in  the  process  of 
manufacture,  do  not  come  principally  from  the  rind  of  the  cane,  I 
peeled  off  this  rind  from  several  pieces  of  Otaheite  cane,  and. ground 
the  inside  pith  by  itself;  the  juice. from  which  was  not  only  of  much 
lighter  color  than  that  from  the  same  cane  ground  with  its  rind  on^ 
but  also  gave  a  far  smaller  precipitate  with  sub-acetate  of  lead  and 
othei[  re- agents. 

Analysis  of  Otaheite  cane  juice. 

11.  Five  ounces  of  fresh  cane  juice,  just  from  the  mill,  of  the. 
specific  gravity  9^  Beaum6,  were  weighed  exactly,  and  to  this  one 
ounce  of  a  solution  of  sub-acetate  of  lead  -was  added^  which  caused 
an  abundant  precipitate  to  take  place.  After  standing  one  hour  to' 
settle,  the  clear  supernatant  liquid  was  decanted  carefully,  and  al- 
cohol poured  upon  the  precipitate,  that  it  might  be  filtered.  The 
filtration  was  performed  readily,  and  the  filtered  alcoholic  liquid 
was  of  a  beautiful  transparent  yellowish  green  color,  indicating  that 
the  alcohol  had  dissolved  some  coloring  matter.  With  iodide  of 
potasssium  this  filtered  liquid  gave  an  abundant  precipitate  of  iodide 
of  lead,  showing  that  the  sub-acetate  of  lead  had  been  used  in  ex- 
cess. The  washed  precipitate,  dried  over  ^a  lamp  on  wire  gauze^ 
was  found  to  weigh  0.049  ounce;  and,  when  incinerated  in  a  porce- 
lain crucible,  it  yielded  0.0206  ounce  of  protoxide  of  lead.  Hence 
five  ounces  of  this  cane  juice  give  with  sub-acetate  of  lead  a  preci- 
pitate containing  0.0284  ounce  of  extractive  matter;  which  amounts 
to  0.568  ounce  in  100,  or  rather  more  than  half  of  one  per  cent. 

12.  Of  the  same  kind  of  cane  juice,  specific  gravity  1.0843,  one 
hundred  volumes  were  mixed  with  three  volumes  of  a  solution  of  sub- 
acetate  of  lead,  and  the  mixture  was  then  filtered.  After  filtration 
the  liquid  remained  opalescent  and  of  an  olive  tint,  and  sub-^acetate  of 
lead  gave  with  it  a  slight  mucilaginous  precipitate,  which  floated  in- 
stead of  subsiding,  showing  the  saturation  incomplete;  Neither 
iodide  of  potassium  nor  sulphuric  acidcould  detect  in  it  a  trace  of  lead. 
Filtered  through  fine  boneblack,  with  which  it  had  previously  been 
gently  heated,  it  became   colorless  and  sufficiently  transparent  for 
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opHed  KKiBmination,  to  vhicjiit  was  .then  su^jtscteid  -witb  the  follow- 
ing results: 


HfBce, 


i   =       l,075j    i  =27.6C 
a    =       29*     J     e  =    0.97 
a"  =  —    9°.5;     n=    0.9 


log.  o    1.46240  log.  (1  +  r")  0.134&1 

log.  n   1.95424  log.  a'  1.41664 

log.  a'  1.41664  log.  (1  +  r')  a.  c.  1.86012 

log.  a"  0.97772  log.  S  1.41157 


log.  r"  1.56108 


Hence, 


132.79d 


log.  (132.79)    2.12316 
log.  d  0.03141 


'log.  S 


2.15457 
1.41157 


log.  X  ■      1.25700 

Therefore  x  :s=  0.1^07. .  And  hence  this  cane  Juice  contains  18.07 
per  cent,  of  crystalHzable  sugar. 

We  may  therefore  regard  the  juice  examined  as  composed  of: 

"Water...... 81.36 

Crystallizable  sugar ; ^. . .  18.07 

Extractive  matter 0.57 

100.00 

The  preceding  calculations,  in  which  the  log.  a'  exceeds  slightly 
log  S,  wonld  indicate  a  trace  of  some  other  right  polarizing  sub- 
itance  besides  cane  sugar;  but,  as  .these  numbers  differ  only  in  the 
third  place  of  decimals,  the  variation  is  within  the  limits  of  errors 
of  obserTation.  With  Trommer's  copper  test  I  obtained  only  the 
blue  color  for  cane  sugar,  and  no  reduced  oxide  of  copper.  Hence 
I  conclude  that  ripe  cane  juice,  when  fresh,  contains  only  crystal* 
lizkbhe  sugar. 
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1^.  To  confirm*  tbe  above  results  of  optjcal  analysis,  I  placed  in 
a  porcelain  crucible,  weighing  0.672  oz.,  a  portibn  of  the  same 
cane  juice,  which  weighed,  together  with  the  crupibltf,  1.66725  oz. 
Hence  0.99525  was  the  weight  of  the  juice.  This  juice  was  then 
genti  J  evaporated  over  a  spirit-lamp  to  a  thick  sirup.  After  which, 
it  was  placed  in  the  oven  used  for  drying  the  clayed  suear,  and 
allowed  to  remain  there  tWenty-four  hours,  when  it  was  taken  out 
and  found  to  be  quite  solid  and  dry.  To  expel  any  remaining 
mpistujre,  I  again  heated  it  gently  ovev  a  spirit-lamp,  and  then 
Weighed  it;  the  weight  of  the  crucible  and  its  contents  wa^  0.76816 
oz.  And  therefore  0.99525  oz.  of  juice  yielded ^0.18616  of  dry 
.solid  matter.  Hence  we  have  as  the  composition  of  this  cane 
juice:' 

Water ....81.3 

Solid  matter 18.7 


100.0 


A  result  which  agrees  perfectly  with  that  obtained  optically,  and 
which  this  experiment  was  designed  to  test,  by  a  ruder  but  less 
abstract  method;  but  which  result  differs  somewhat  from  that  ob- 
tained by  MM.  P6ligot  and  Cteisaseca,  who  give  79  per  cent;  of 
water  and  21  per  cent,  of  sugar  as  the  composition  of  Otaheite 
and  Creole  cane  juice.* 

It  should  here  be  stated  that,  at  th^  time  when  the  analysis  I 
have  just  given  was  performed,  the  yield  of  the  cane,  in  this  part 
of  the  island,  was  unusually  deficient;  on  the  Ingenio  Victoria,, 
for  instance,  15  cart  loads  of  cane  were  required  to  produce  a 
hogshead  of  muscovado  sugar;  whereas  10  cart  loads  only  would 
ordinarily  have  been  necessary.  This  circumstance  was  ascribed 
by  Mr.  Macomb  to  the  influence  of  rains,  which  had  recently  fallen. 
An  explanation  which,  in  my  opinion,  is  both  entitled  to  conside- 
ration, and  highly,  probable;  not  only  because  it  was  offered  by  a 
gentleman  of  great  intelligence  and  practical  experience,  who  must 
hisive  been  accustomed  to  observe  the  consequences  of  such  events 
attentively;  but  also,  because  the  same  cause  is  known  to  produce 
like  effects  upon  beet  juice.  The  density  of  which  often  varies  te 
the  extent  of  one  or  two  degrees  in  the  course  of  a  few  days;  so 
that  beets  from  the  same  field,  which  yielded,  for  instance,  juice  of 
9*^  Beaum^  during  dry  weather,  will,  after  a  rain,  furnish  juice  of 
7°  only. 

For  the  reasons  just  mentioned,  it  is  probable  that  21  per  cent.j 
as  obtained  by  MM.  P6]igot  and  Casaseca,  may  be  the  usual  or 
average  proportion  of  sugar  in  ripe  cane  juice,  rather  than  iS  per 
cent.,  as  given  above  by  my  analysis  of  a  particular  and  perhaps 
unfavorable  specimen. 

14.  The  dried  solid  matter  of  the  preceding  article  was  placed 
in  a  glass  tube,  which  was  then  drawn  out  with  the  lamp  and  nearly 

M/m.  de  Cbim.  et  de  Phjs.,  t.  xij  p.  3d.  A1bo,m«  vlo\m^|C|%dAlI>^^'L\S^  L^^wdix* 
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closed.  The  contents  was  subjected  to  dry  distillation  to  detect 
nitrogenous  substances.  The  strong  odor  of  caramel  rendered  the 
sense  of  smeil  insensible  to  feeble  traces  of  other  matters,  but  hy- 
drochloric acid  vapor  gave  not  the  slightest  indication  of  ammonia. 

Analysis  of  the  juice  contained  in  different  parts  of  the  same  cane. 

The  canes  used  in  these  experiments  were  of  two  varieties: 
Otaheite  of  about  nine  months  growth,  and  crystallina  Of  seven 
months. 

15.  Of  the  Otaheite  cane,  the  three  or  four  top  joints,  enveloped 
entirely  iji  leaves,  had  a  sour  astringent  taste,  and  promptly  stained 
the  knife  black  with  which  they  were  cut.  Expressed  between 
iron  rollers,  the  juice  obtained  was  blackened  by  the  metal,  and  in 
qoantity  was  insufficient  for  taking  its  specific  gravity.  The  cop- 
per test  of  Trommer  yielded  a  copious  pecipitate  of  protoxide  of 
copper;  and  the  tincture  of  iodine  gave  no  indication  of  starch. 

16.  Three  or  four  joints  taken  from  the  same  cane  as  the  above, 
ifid  immediately  below  them,  gave  a  juice  of  the  density  of  7^ 
Beaum£,  and  of  a  slightly  sweet  astringent  and  acid  taste.  With 
this  juice,  sub-acetate  ef  lead  gave  a  dense  dark  olive  pecipitate, 
in  bulk  equal  to  four-fifths  of  the  entire  volume  of  the  mixture. 
So  also  with  the  juice  obtained  from  the  top  joints,  sub-acetate  of 
lead  gave  a  precipitate  similar  both  in  color  and  quantity.  With 
the  copper  test  a  precipitate  took  place  of  reduced  oxide  of  copper, 
and  tincture  of  iodine  gave  no  reaction. 

A  quantity  of  this  juice,  being  clarified  with  sub-acetate  of  lead, 
and  the  excess  of  lead  thrown  down  with  bi-carbonate  of  soda,  was 
labjepted  to  optical  analysis  and  with  the  following  data: 

d  =        1.051;  ^  =  2r.5  C 
a  ^       10°     ;  6=    0.545 
a"=5  — 3^5    ;  n=    0.9 

Hence,  by  calculation,  x  =  0.1041;  and  therefore  this  juice  con- 
tains 10.4  per  cent,  nearly  of  cane  sugar. 

The  equation  a  =  S  -f  D  gives  with  the  above  data  a  negative 
ralttc  for  D,  indicating  the  presence  of  a  substance  possessing  the 
property  of  left  polarization,  and  which,  therefore,  is  most  proba- 
bly uncrystallizable  sugar. 

17.  Three  or  four  joints  taken  from  the  bottom  of  the  same  cane 
as  the  above  yielded  a  juice  of  the  specific  gravity  of  10^.6 
Beaum^,  and  perfectly  sweet  in  taste.  With  this  juice  the  copper 
test  gave  not  a  trace  of  reduced  oxide  of  copper,  but  the  transpa- 
rent characteristic  blue  color  obtained  from,  crystallizable  sugar. 
And  sub-acetate  of  lead  gave  a  light  olive  colored  precipitate  in 
<(Qantity  nanch  less  than  the  similar  precipitates  of  the  above  expe- 
riments^  being  only  in  bulk  about  one-half  of  the  volume  of  the 
mixture;  nor  was  it  as  dense  as  those  precipitates. 
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Subjected  to  optical  ^analysU  in  precisely  the  same  manner  as  the 
juice  of  the  upper  joints,  I  obtained  from  it  the  d^ta.: 

d  =       1.070;  t  =  21^.3  C 
a  =       20*'     ;  6  =  0.545 
a"=  — 5^75;  n  =  0.6 

Hence,  by  calculation,  x  =  0.1942;  and  therefore  this  Juice  con- 
tains 19.4  per  cent,  nearly  of  crystallizable  sugar.  From  these 
data  we  obtain  for  D  a  positive,  but  extremely  small  value;  so  th*at 
we  may  infer  that,  as  the  copper  test  indicates,  this  jiiice  con.tai^ 
only  crystallizable  sugar. 

18.  Three  or  four  top  joints,  from  a  crystallioa  rattoon  cane  of 
seven  months  growth,  yielded  a  juice  of  4^°  Beaum6,  acid  and  as- 
tringent in  taste. 

'This  juice  gave  with  sub-acetate  of  lead  a  light  olive  green  pre- 
cipitate, which  occupied  about  four-fifths  of  the  entire  volume' of 
the  mixture.  With  the  copper  test  a  precipitate  of  protoxide  <^f 
copper  was  obtained,  but  no  reaction  with  iodine. 

Subjected  to  optical  analysis  in  exactly  the  same  manner  as  the 
above  specimens  of  Otaheite  cane  juicie,  this  crystallina  juice  gave 
the  dita:  ^  .   ' 

d    =       1.040;  /  =  2l^7C: 
«    =       4®      ;  e  =  0  545 
a"=  — 1^5  ;  n  =  0.85 

Hence,  by  calculation,  x  =  0.04051;  and  therefore  this  juice  con- 
tains 4  per  cent,  only  of  cane  sugar.  The  value  of  D  is  also  nega- 
tive, indicating  the  presence  of  left  polarizing  sugar. 

19.  The  preceding  experiments  were  instituted  with  the  view  of 
determining  whether,  as  has  of  late  been  maintained,  cane  sug^ir  is 
a  primary  or  secondary  product  in  the  development  of  the  plant; 
whether,  in  other  words,  it  is  formed  directly  by  physiological 
agency,  from  inorganic  matter,  or  whether  it  has  existed  previously 
as  a  constituent  and  organic  portion  of  the  cane  during  its  earlier 
immature  condition,  and  has  assumed  the  nature  of  crystallizable 
sugar  by  virtue  of  some  chemical  change  at  an  advanced  stage  of 
the  development  of  the  plant.  The  facility  with  which  those  vege- 
table substances  undergo  transformation  which  are  composed  of 
carbon,  hydrogen  and  oxygen,  when  the  two  latter  are  in  the  pro- 
portions requisite  to  form  water,  naturally  suggests  the  hypothesis 
that  sugar  may  be  formed  in  plants  by  some  means  analogous- to 
those  employed  in  converting  starch  and  woody  fibre  into  grap^ 
sugar,  and  the  latter  into  alcohol  and  carbonic  acid.  Yet,  as  alt. 
these  changes  seem  but  steps  of  degradation  in  the  scale  of  orgaji" 
ized  being^,  partial  returns  to  inorganic  nature,  and  as  it  hashitner- 
to  been  found  impracticable  by  artificial  means  to  form  crystalliz- 
able sugar,  which  seems  to  occupy  a  higher  rank  in  the  scale  of 
vegetable  organization,  it  has  been  with  seeming  probability  con- 
cluded  that  cane  sugar  in  the  growing  plant  results  from  no  cheni^i- 
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cal  reaction  upon  such  substances  as  starch,  woody  fibre^  &c.y  but 
is  produced  directly  by  some  vital  and  my^teriou^  forces  different 
from  those  of  mere  chemical  affinity,  and  for  the  discoyery  of  which 
we  should  study  rather  the  effects  of  light,  electricity,  &c.^  than 
mere  reactions  of  acids,  alkalies,  and  other  chemical  re-agents. 

20.  The  probable  conclusion  which  I  would  deduce  from  the  re- 
sults of  the  preceding  analyses  is,  that  sir.ce  no  other  sugar  than 
cane  su^ar  exists  in  the  mature  joint  of  cane  grown  under  favorable 
circumstances,  while  left  polarizing  sugar  is  a  constituent  element 
of  new  and  immature  joints,  which  alsp  vary  chemically  from  the 
former  in  other  respects,  and  undergo  a  change  not  unlike  that 
which  takes  place  in  the  ripening  of  fruits,  cane  sugar  is  therefore 
formed  ^  a  secondary  product,  and  probably  from  the  left  polar- 
izing supir;  an  opinion  the  opposite  of  that  which  has  been  of  late 
generally  accepted,  and  based  upon  investigations  made  by  M. 
Hervy,  in  France,  under  the  unfavorable  circumstances  of  using 
canes  grown  in  hot-houses,  as  well  as  upon  the  above-mentioned 
theoretical  reasons.  M.  Hervy  states  that  there  was  no  difference 
in  the  old  and  new  joints  of  the  canes  he  used;  but  to  every  planter 
it  is  a  familiar  fact  that  new  joints  differ  entirely  from  old  in  the 
countries  adapted  to  the  culture  of  the  cane;  the  former  being  suc- 
culent in  fibre,  and  of  an  astringent  -taste,  destitute  entirely  of 
sweetness,  while  the  latter  are  solid  in  fibre  and  contain  a  perfectly 
sweet  juice. 

Camparative  analyses  of  the  three  varieties  of  the  cane. 

21.  Otaheite  cane. ^—Having  cut  the  cane  transversely  into  thin 
slices,  24.835  ounces  tfiereof  were  placed  in  the  stove  used  on  the 
Saratoga  estate  for  drying  clayed  sugar,  and  allowed  to  remain 
there  for  two  days,  when  it  was  takt^n-  out  and  found  to  weigh 
7:8995  ounces;  having  lost,  therefore,  16.9355  ounces  of  water. 
Hence  we  have: 

Water 68.20 

Solid  matter ^  .31.80 


100.00 


If  this  water  be  supposed  to  have  been  combined  with  sugar  in 
the  same  proportion  as  shown  in  article  9,  then  we  have  83.20  as 
the  amount  of  saccharine  juice  contained  in  this  cane — a  value 
slightly  different  from  that  of  article  9,  but  not  more  so  than  may 
justly  be  consi^^red  .confirmatory  of  that  result;  for  it  should  be 
anticipated  that  cane  which  has  been  ground  would  dry  more  tho- 
roughly than  that  which  has  been  merely  cut  into  slices,  the  fibres 
of  the  former  being,  to  a  great  extent,  separated  or  torn  apart,  and 
thus  a  larger  surface  exposed  for  evaporation.  If  we  allow  a  prob- 
able error  for  hygrometricity,  we  shall  have  very  nearly  70  per 
cent,  of  water  and  30  of  solid  matter  as  the  most  probable  compo- 
sition of  this  Otaheite  cane. 
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22.  Creole^  or  crystallina  cane. — Having  similarly  cut  into  slices 
some  Creole  cfiine,  13.311  ounces  were,  dned,  first  by  exposure  in  a 
flat  dish  for  24  hours  to  the  sun  and  action  of  the  air,  and*  after- 
wards by  allowing  it  to  remain  four  days  in  the  drying  oren,  when 
it  was  removed,  and  weighed  4.158  ounces;  having,  thereforey  part- 
ed with  9.153  ounces  of  water  by  evaporation.    Hence  I  deduce: 

Water 68.76 

Solid  matter .....31.24 


lOOiOO 


A  result  which'would  give,  if  the  juice  of  this  cane  be  supposed 
to  contjeiin  18  per  cent,  of  sugar,  83.85  per  cent,  as  the  amount  of 
that  juice.  The  difference  between  this  result  and  that  o^Mtrticte  8, 
is  of  the  same  degree  as  that  described  in  the  precedi^  article; 
and  like  it,  for  the  same  reasons,  is  rather  confirmatory  than  at  va- 
riance with  subsequent  experiment.  Also,  allowing  in  this  case  a 
similar  probable  error,  we  may  assume  approximatively  70.5  as  the 
per  cent,  of  water,  and  29.5  as  that  of  solid  matter,  composing  this 
specimen  of  crystallina  cane.. 

23.  Ribbon  cane. — Thin  slices  of  ribbon  cane,  weighing  15.100 
ouncess  were  similarly  dried  in  the  siin  for  24  hours,  and  afterwards 
for  four  days  in  the  oven;  they  then  weighed  4.313  ounces,  and 
had,  therefore,  lost  10.787  ounces  of  water.  Hence  we  have  the 
composition: 

Water , 71.45 

Solid  matter ...28.55   . 


100.00 


And  if  we  suppose  the  juice  of  this  cane  to  contain  ialso  18  per 
cent.,  we  shall  then  have  87.10  per  ceut.  as  the  amount  of  juice. 
This  amount  also  falls  short  of  the  corresponding  results  given  in 
article  7.  And  if  we  make  an  allowance  similar  to  those  made 
above,  then  we  have  72.50  per  cent,  of  water  and  27.50  per  cent. 
of  solid  matter  as  the  probable  composition  of  this  cane. 

24.  From  the  dried  slices  of  Otaheite  cane  of  the  above  experr- 
ment,  article  21, 1  took  1.577  ounces,  and  digested  them  for  several 
hours  in  alcohol  of  the  specific  gravity  0.835,  which  dissolved 
0.0965  ounce  of  solid  matter.  Evaporated  to  dryness',  it  appeared 
to  be  chiefly  sugar,  but  had  a  somewhat  bitter  taste,  and  did  Hot 
dissolve  completely  in  water.  The  insoluble  portion  weighed 
0.0012,  and  was  found  to  be  soluble  in  sulphuric  ether  and  in  al- 
cohol; it  had  a  peculiar  fragrant  and  balsamic  odor,  and  seemed 
to  be  composed  of  wax  united  with  an  essential  oil.  It  is  this 
essential  oil,  I  think,  which  gives  to  the  cane  and  its  raw  juice  a 
characteristic  and  slightly  unpleasant  taste  and  odor,  which  is  lost 
entirely  when  the  juice  is  boiled  and  defecated  with  lime. 
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25.  The  pulp  was  then  boiled  in  distilled  water  for  several  hours. 
This  water  being  filtered  and  .concentrated  by  evaporation  over  a 
ipirit  lampi  gave,  when  treated  with  a  mixture  of  alcohol  and  sul- 
phuric ether,  a  precipitate  which  was  mucilaginous,  and  had  all  the 
propertiea  characteristic  of  pectine;  and  which,  when  dried,  weighed 
0.00956  ounce. 

26.  The  pulp  was  again  boiled  in  a  solution  of  potash,  in  which 
it  had  steeped  for  nearly  twelve  hours.  The  excess  of  potash 
being  neutralized  by  hydrochlciic  acid,  I  then  obtained  with  tannin 
a. precipitate,  weighing,  when  washed  and  dried,  0.1063  ounce,  and 
which  contained  0.07486  ounce  of  albumen.     That  this  substance 

Crecipitated  by  tannin  could  be  no  other  than  albumen  I  conclude 
ecause  the  neutralized  solution  gave  also  a  precipitate  with  chloride 
of  mercury,  soluble  in  potash,  but  insoluble  in  hydrochloric  acid 

27.  After  being  thus  treated  with  alcohol,  water,  and  aqua  potas- 
le,  the  pulp  was  well  washed,  first  with  dilute  hydrochloric  acid, 
and  then  with  water;  and,  when  perfectly  dry,  it  was  found  to 
weigh  0.66165  ounce,  and  seemed  to  consist  only  of  woody  fibre. 

From  the  above  data,  I  deduce  the  following  composition  of  100 
pact?  by  weight  of  this  dried  cane: 

Sugar......  •• 58.96 

Woody  fibre • 35.55 

Albumen 4.8a 

Pectine 0.62 

Wax,  &c 0.08 

1  (1.   < 


28.  To  ascertain  the  extent  to  which  dried  cane  suffers  deter'  - 
tiop  when  kept  for  a  length  of.  time,  and  after  a  sea  voyagi-,  >' 
dried  slices  of  each  oi  the  three  varieties  of  arts.  21,  22,  aud  iv . 
were  wrapped  .parefuUy  in  paper,  and  taken  witn  me  from  Cuo..  i 
Philadelphia.  Several  wetrks  after  my  arrival  in  the  latter  place,  i 
subjected  to  ^tnalysis  one  ounce  of  each  variety,  following  a  method 
similar  to  the  above,  except  that  I  precipitated  the  pectine  with 
absolate  alcohol  only,  and  the  albumen  from  the  alkaline  solutions 
by  acetic  acid  and  alcohol.  I  thus  obtained  from  one  ounce  of 
Otaheite  cane  0.00282  oz.  pectine,  0.02206  albumen,  0.29628  lignin, 
and  0.67934  sugar,  &c.;  or, 

Sugar,  &c 67.884 

Pectine 0.282 

Albumen 2.206 

Lignin 29.628 

100.000 
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Similarly,  one  ounce  of  dried  Ribbon  cane. yielded  0.0163  pec- 
tine9\0.01672  albumen,  0.3378  lignb^and  0.63»1$  sugar,  SiCj  or. 

Sugar,'  &c 62.918: 

Fectine • • 1.630 

Albumen '    1.672 

Lignin 33.780 

100.000 

And  from  one  ounce  of  dried   Creole  cane  I  obtained  0.01157 
pectine,  0  0889  albumen,  0.2627  ligilin,  and  0.6366  sugar,  &c.,  or, 

Sugar,  &c. ••,.......  63.68 

Pectine 1.16 

Albumen '. 8.89 

Lignin :................. 26.27 

100.00 


29.  To  determioe  what  proportions  of  the  67.88  per  cent,  of 
matter  contained  as  aboTe  in  dried  Otaheite  cane,  aoIuMe  in  dilute 
alcohol  and  hot  water,  and  of  the  corresponding  62. -92  per.  cent,  in 
ribbon,  and  63.68  per  cent,  in  Creole  cane,  were  .respei3tiTely  crys- 
taVlizable  cane  sugar  and  substances  resulting  from  fermentation  or 
other  chemical  actional  made  the  following  optical  examinations 
two  months  afterwards.  This  delay  was  intentional,  and  designed 
to  permit  any  gradual  deterioration  which  might  obtain  from  slow 
fermentation,  or  from  changes  of  hygromctricity  and  temperature, 
to  progress  still  further,  and  thus  afford  a  more  decided  result.  In 
the  mean  time,  the  cane  was  carefully  kept  ip  a  dry  and  elevated 
room. 

The  ribbon  cane,  when  opened,  was  found  to  be  full  of  very 
small  worms,  and  to  have  been  greatly  injured  by  them*  No  ac- 
curate analysis  couM  therefore  be  made  of  it,  and  analogy  ^lone 
can  furnish  evidence  of  .what. changes  would  have  otherwise  taken 
place.  The  woru)6  had  the  appearance  of  those  which,  are  often 
bred  in  cheese,  though  smaller,  and  I  do  not  doubt  that  they  origi- 
nated in  the  cane  itself^  If  dried  cane  be  liable  to  be  afta'pked  by 
such  insects,  this  in  itself  constitutes  a  serious  objection  to  any 
inethod  of  manufacture  based  upon  desiccation  and  subsequent- ma- 
ceration. 

The  Otaheite  and  the  Creole  cane  had,  hpwever,  all  the  appear- 
ance of  being  perfect,  alike  in  color,  taste,  and  every  other  exter- 
nal indication.  I  mixed  them  with  three  parts  of  water  exactly, 
so  as  to  form  25  per  cent,  solutions,  repeatedly  shaking  the  mix- 
ture, and  compressing  the  pulp  with  a  wooden  instrument  similar 
to  the  ordinary  lemon  squeezer,  in  order  the  more  effectually  to 
extract  any  soluble  matter.     The  solutions  were  slightly  Colored, 
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an^  tbey  were  therefore  declorized  with  boneblack,  and  filtered^ 
after  which-  they  were  observed  with  the  following  results: 

For  the  Otaheite  cane: 

a  =       12°;  d=  1.044; 
a''=—    5  ;  n=      0.9; 

and  therefore  by  calculation  x  =  32.7  per  cent,  of  cane  sugar. 

For  the  Creole  cane:  .    , 

a    =       16°    ;  d— 1.035; 
a"  =  —    7°.6;  n=      0.9; 

and  thelrefore  we  deduce  x=45.4  per  cent.,  of  cane  sugar. 

For  the  Otaheite  cane  we  have  for  the  value  of  IT  in  the  equa* 

tiODj 

S-f  D  =  a, 

the  negative  value^  D  =f —  122;  and  similarly  for  the  Creole  cane, 
D= — 1.18.  Hehce  it  follows  that  in  each  of  them  there  has 
been  formed  by  fermientation  a  large  proportion  of  left  polarizing 
matter. 

As  a.  check  upon  these  optical  determinations,  I  subjected  tKe 
ablutions  to  the' copper  test  of  Trommer,  and  obtained  for  each  a 
large  precipitiite  of  the  red.  protoxide  of  copper.  With  a  warm  and 
diliite  solution  of  caustic  potash^  the  dark  color  produced  by  fer* 
mented  sugar  was  readily  given  when  slices  of  the  cane  were  sub- 
jected to  its  action. 

30.  These  results  should  therefore  settle  the  pdint  that  dried 
cane  cannot  be  kept  long  without  decomposition,  and  consequently 
that  it  cannot  be  exported  without  loss,  to  be  manufactured  in  for- 
eign countries  by  the  process  of  maceration.  Many  have  thought 
that  the  cane  sugar  industry  could  Be  thus  completely  and  advan- 
tageously revolutionized.  But  the  proposition  may  now,  I  think, 
be  regarded  as  no  longer  worthy  of  serious  consideration;  espe- 
cially since  the  above  results  obtained  by  the  method  of  polariza- 
tion, and  checked  by  the  copper  and  potash  tests,  are  confirmatory 
of  the  labors  of  M.  Dupuy  in  Guadaioupe,  who  obtained  from 
freshly  dried  cane,  stripped  of  its  rind,  66  per  cent,  of  pure  sugar, 
but  four  months  afterwards  could  extract  therefrom  but  34  per 
cent.,  which  was  clammy  and  dark  colored.  In  comparing  this 
leMlt  with  those' given  above,  it  must  be  borne  in  mind  that  the 
rind  as  well  as  the  pulp  of  the.  cane  was  used,  so  as  to  render  the 
circumstances  as  nearly  as  possible  like  those  which  would  proba- 
bly be  followed  on  a  large  scale. 

Ao  antilogous  fermentation  which  takes  place  in  dried  beets  has 
been  studied  by  Messrs.  Fr^my  and  Boutron,  who  found  that  lactic 
acid  is  gradually  formed  at  the  expense  of  the  dugar;  but  the  pre- 
sence of  left  polarizing  matter  indicated  by  the  negative  values  of 
D,  in  my  experiments  upon  dried  cane,  clearly  shows  that  this 
transforoQation  is  attended  with- phenomena  which  require  further 
investigatibn  before  it  can  be  fully  understood. 
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Analysis  of  some  of  the  fecitlencies  contained  in   Otaheite  cane 

juice. 

31.  For  the  purpose  of  ascertaining  what  is  the  nature  of  the 
greater  part  of  the  feculencies  contaiDed  in  cane  juice,  and  which 
separate  by  gentle  heat  alone,  I  took  a  portion  of  the  scum  from 
the  clariiier,  heated  to  140^  Fahrenheit,  and  subjected  it  to  analy- 
sis, with  the  following  results: 

The  feculencies  as  taken  from  the  pan  \irere  partially  dried  by 
exposure  to  the  air,  but  they  were  so  retentive  of  moisture,  that  I 
found  it  impracticable  to  dry  them  thoroughly  without  heat,  which 
would  probably  change  the  combiiiations  of  their  elements,,  and 
was  therefor^  avoided;  and  when  mixed  with  water,  th^y  formed  a 
mucilaginous  mass,  which  could  not  be  filtered.  A  portion  of  the 
still  moist  feculencies  being  then  carefully  weighed,  was  digested 
in  boiling  alcohol  of  the  strength  of  95  per  cent.,'  and  the  mixture 
subjected  to  filtration  on  a  counterpoised  filter.  The  soIid[  matter 
in  the  filter  was  gently  and  freely  washed  with  fresh  alcohol,  after 
which  it  formed  a  perfectly  dry  pulverulent  mass,  and  was  equal 
in  quantity  to  11.04  per  cent,  of  the  original  matter  treated  with 
alcohol,  riy  evaporation  this  alcohol  yidlded  1.64  parts  of  wax, 
and  a  small  portion  of  an  essential  oil;  it  had  therefore  taken  up 
87.32  parts  of  water.  Hence  the  scum  examined  is  composed  of 
87.32  per  cent,  of  water,  and  12.68  per  cent,  of  dry  matter. 

From  the  e  rebults,  united  with  those  of  an  analysis  of  the  por- 
tion insoluble  in  strong  alcohol,  I  obtained,  as  the  composition  of 
the  12.68  per  cent,  of  dry  matter  in  the  feculencies  which  separate 
from  Otaheite  cane  juice  by  heat  alone: 

Woody  fibfe '70.5 

Albumen 14.0 

Wax 12.9 

Silica 1.3 

Phosphate  of  lime 1.1 

Oxide  of  iron 0.2 

Essential  oil a  trace. 


100.0 


By  washing  a  considerable  quantity  of  these  feculencies  with 
sulphuric  ether,  which  was  afterwards  allowed  to  evaporate  spon- 
taneously, I  succeeded  in  obtaining  several  drops  of  the  essential 
oil  which  I  had  previously  detected  in  the  dried  cane.  They  had 
the  taste  of  raw  cane  juice,  though  in  much  greater  degree;  were 
insoluble  in  water,  soluble  in  alcohol  and  ether,  and  volatilized  at 
a  temperature  below  the  boiling  point  of  water,  exhaling  a  pecu- 
liar odor. 

32.  If  the  temperature  of  the  clarifier  had  been  more  elevated, 
yet  not  allowed  to  approach  the  boiling  point,  say  175^  to  200^ 
Fabrenheitj  a  larger  proportion  of  albumen  would  doubtless  have 
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b^en  coagulated  and  formed  part  of  the  scum;  while  the  w^x 
would  have  been  diffused  throtkgh  a  larger  mass,  and  consequently 
appeared  less  considerable.  No  substance  soluble  in  water  at  140^ 
Fahrenheit  could  of  course  be  found  in  this  scum,  and  it  contained 
neither  pectine  nor  any  alkaline  salts;  and  as  no  temper  lime  had 
lieen  added  to  the  juice  from  which  it  was  taken,  lime  existed  in 
it  only  in  the  form  and  proportion  of  the  phosphate  of  lime,  which 
constituted  an  element  of  the  living  plant.  . 

With  reference  to  the  oxide  of  iron,  I  should  attribute  its  pre- 
sence rather  to  accidental  circumstances  arising  from  the  use  of 
heavy  iron  rollers  for  expressing  the  juice.  The  surifaces  of  these 
rollers  are  subjected  constantly  to  oxidation  in  contact  with  air 
and  moisture,  as  well  as  to  the  friction  of  the  canes  which  pass  be- 
tween them,  covered  often  with  particles  of  sand;  and  that  the  ex- 
pressed juice  should. contain  mechanically  a  slight  portion  of  inso- 
loble  oxide  of  iron,  which  may  become  attached  to  the  floating 
woody  fibres,  or  be  gathered  into  the  scum  by  the  coagulated  al- 
bumen, is  therefore  to  be  expected. 

CHAPTER  ir. 

OH    THE    VARIOUS    PROCESSES    FOLLOWER  IN -THEl   MANUFACXtTJlE    AND 

REFINING    OF   J^UGAR. 

At  fir^t  sight  it  would  appear  that  the  arts  of  the  manufacture 
and  refining  of  sugar  are  entirely  distinct  and  different;  but  a  more 
careful  consideration  leads  to  the  conclusion  that  they  might  al- 
most be  regarded  scientifically  as  one  single  art;  pursued,  however, 
by  different  persons,  and  generally  in  countries  of  very  dissimilar' 
climate,  far  remote  from  each  other. 

Thus  sugars  of  the  East  and  West  Indies  are  refined  in  Russia, 
England,  Holland^  France,  the  United  States,  and  other  countries; 
the  luxuriant  growth  of  the  tropics  and  crude  processes  of  extrac- 
tion furnishing  an  article  which  is  afterwards  refined  by  the  in- 
dustry and  chemical  skill  of  northern  nations,  in  climates  the  most 
favorable  for  this  latter  operation. 

France  only,  of  the  most  important  and  powerful  nations,  affords 
an  instance,  in  her  beet  sugar  industry,  of  a  country  in  which  sugar 
is  produced,  refine^,  and  consumed,  without  much  change  of  place 
and  climate.  Hence  I  am  inclined  to  think  that  perhaps  the  chief 
reason  why  the  manufacture  of  cane  sugar  has  been  regarded  as  an 
art  totally  different  from  that  of  sugar-refining,' is  one  rather  of 
difference  of  latitude  and  longitude,  and  of  persons,  than  of  a  che- 
mical nature. 

And  believing,  as  I  do,  that  the  sugar  planters  of  the  south 
would  find  it  greatly  to  their  advantage  to  acquaint  themselves 
with,  and  introduce  into  their  sugar-houses,  the  beautiful  and  per- 
fect methods  employed  by  northern  refiners,  I  shall  discuss  together 
the  processes  practised  alike  by  both,  though  with  different  skill, 
and  which,  if  separated  geographically,  are  still  chemically  the 
same. 
.  Both  the  planter  and  the  refiner,  haye  the^  same  ]|^io\^Uui  l^  ^^v 
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form;  that  of'obtaining  crystallized  sugar  by  eTaporation  from-^Uii-. 
«pure.soIutiofls  thereof.  Both  resort  to  inethodsclf  sely  similar,  but 
they  differ  much  in  circumstances;  the  planter  beinp;  an  agriciiitu- 
rist,  much  of  whose  time  and  care  are  necessarily  given  to  the 
culture  of  the  beet  or  cane,  which  constitutes  his  raw  material,  and 
who  has  generally  to  contend  with  the  disadvantages  of  climate, 
with  the  ignorance  and  stupidity  of  negro  workmen,  and  with  the 
want  of  those  facilities  for  procuring  and  repairing  machiirery 
usually  so  readily  commanded  by  the  refiner;  while  the  latter,  em- 
ploying intelligent  and  skilful  workmen,  and  possessing  the  capi- 
tal requi^site  for  purchasing  the  raw  sugars  imported  for  him  by 
merchants,  experiences  no  such  losses  as  the  failure  of  cropii|  aii^d 
in  his  colder  climate  is  free  from  the  necessity  of  working  v^ry 
rapidly,  to  avoid  those  accidental  fermentations  to  which  the  tro- 
pical planter  is  so  much  exposed. 

Hence,  in  considering  the  processes  employed  by  the  planters  in 
contrast  with  those  followed  by  the  refinei-s,  great  allowance  mnst 
be  made  for  the  different  circumstances  in  which  they  are  placed| 
if  we  would  judge  correctly  of  their  comparative  enterprise  and 
intelligence. 

The  above-mentioned  processes  of  manufacture  and  refining  m^y 
be  classed  under  the  following  distinct  heads: 

l^t.   Obtaining  a  saccharine  solution  from  the  raw  material; 
Sd.    Defecation  or  clarification; 
3d.    Filtration; 
4th.  Evaporation; 
.'    bx\i.  Crystallization; 
6th.  Drying; 

7th.  Working  of  second  products; 
8th.  Use  and  treatment  of  animal  charcoal. 

And  under  these  heads  I  shall  discuss,  in  close  connexion,  not 
only  the  present  but  the  past  condition  of  these  two  arts — past  and 
present  being  terms  applicable  rather  to  stages  in  the  progress  of 
knowledge,  than  of  general  practice;  for  many  refiners,  as  well  as 
planters,  still  continue  to  use  the  old  and  faulty  methods,  which 
should  be  abandoned.  In  doing  which,  however,  they  are  perhaps 
oftener  governed  by  necessity  than  choice;  by  want  of  ability  to 
procure  new  machinery,  than  of  inclination  to  adopt  it  if  attain- 
able. And  here  I  may  remark,  that  is  only  within  a  few  years  that 
any  very  important  improvements  have  been  made  in  the  sugar  in- 
dustry of  the  world. 

The  art  of  refining  sugar  has  been  entirely  revolutionized  by  the 
admirable  invention  of  the  vacuum  pan  of  the  Hon.  Edward  Charles 
Howard,  patented  November  13,  1813,  and  carried  into  practice 
some  time  afterwards  by  Mr.  Hodgson,  together  with  the  employ- 
ment of  animal  charcoal  for  clarification,  recommended  first,  1  be- 
lieve, by  M.  Derosne,  and  rendered  practicable  by  MM.  Payen  and 
Pluvinet,  who  manufactured  it  on  a  large  scale. 

While,  also,  the  manufacture  of  beet  sugar,  originating  in  France 

at  the  time  when   her  ports  were  blockaded  by  the  English  navy, 

stimuhud  by  special  pciyileges  and  rewards  granted  by  the  goTeni- 
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meiiti  and  aided  by  the  combined  science  of  that  nation,  has  served 
to  test  apparatus  and  methods  the  most  varied,  and  to  trace  out 
cbcmical  relations  and  reactions  the  most  intricate  and  important. 

in  ^hose  countries  where  the  sugar-cane  flourishes,  (the  purest 
avd.  the  richest  in  saccharine  matter  of  known  plants,)  little  im- 
provement took  place,  or  was  even  attempted,  until  very  recentlyi 
if  ire  except  the  successful  experiments  of  M.  Dutrone,  in  St.  Do- 
mingo, before  that  island  reverted  to  barbarism  by  the  massacre  of 
iti  white  inhabitants.  Lately,  however,  the  planters  of  the  tropics 
have  begun  to  appreciate  and  avail  themselves  of  the  perfected  ap- 
paratus and  methods  of  the  refiners  and  beet-sugar  manufacturers, 
and  with  results  the  most  profitable  and  advantageous. 

On  an  estate  in  Cuba,  I  hare  seen  the  juice  of  the  cane  purified 
with  lime  and  animal  black,  and  evaporated  in  a  vacuum  pan, 
yielding  white  sugar  only,  and  little  or  no  molasses;  the  sirup 
drained  from  the  first  crystallization  being  evaporated  a'second 
time,  and  yielding  white  sugar,  in  color  only  a  shd,'de  darker  than 
the  first,  and  of  excellent  grain. 

Such  estates  constitute  exceptions,  however;  while  for  a  very 
large  number  the  arrangements  and  methods  desoribed  by  the  au- 
thor of  the  Histoire  Jfaturtlle  du  Cacao  et  du  Sucre^  published  in 
1720,  the  oldest  treatise  I  have  seen  on  the  subject,  would. answer 
almost  as  well  for  this  day  as  that  in  which  he  wrote.  The  use  of 
the  steam  engine  to  grind  the  cane,  and  the  substitution  of  the  mill 
with  horizontal  in  place  of  that  with  vertical  rollers,  being  almost 
the  only  improvements  extensively  introduced. 

Section  I. — On  obtaining  a  saccharine  solution  from  the  rata  mate- 

rial. 

•  Under  this  head  I  shall  discuss  the  methods  employed  for  dis- 
sq^ving  brown  or  raw  sugars  by  the  refiners,  and  those  employed 
for  the  extraction  of  the  juice  both  from  beets  and  the  cane,  as 
Well  as  the  various  modifications  which  have  been  either  attempted 
or  merely  suggested. 

1.  In  refineries  conducted  upon  the  old  or  German  method,  it  is 
cntftomary  to  dissolve  the  sugar  with  lime  water,  in  an  open  hemi- 
spherical  copper  pan,  exposed  to  the  direct  action  of  the  fire;  using 
only  the  quantity  of  lime  water  requisite  for  complete  solution,  and 
stirring  in  at  the  same  time  a  quantity  of  bullock's  blood,  to  com- 
mence the  operation  of  clarification. 

2.  In  refineries  conducted  on  more  modern  principles,  the  raw 
sagar  is  usually  dissolved  in  about  30  per  cent,  of  water,  in  copper 
vesaels,  heated  by  steam,  by  means  of  a  double  bottom,  or  a.  ser- 
pentine tube  pierced  with  holes,  through  which  jets  of  steam  issue 
and  furnish,  by  condensation,  part  of  the  water  of  solution.  The 
lient  caused  by  steam  issuing  from  such  a  serpentine  tube  is  said 
not  to  exceed  180**  Fahr,  To  enable  the  next  operation  (that  of 
clarification)  to  be  performed^  the  double  bottom^  w'vlVi  XXi^  ^^%*  ^i . 
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Steam  of  rather  higher  pressure,  becomes- necessary.  The  peculiar 
mechaDical  effects  produced  by  the  jets  of  steao^  in  this  operation 
have  caused  it  to  receive  the  name  of  the  blow-up.  The  proportioa 
of  water  used  for  dissolving  the  sugar  should  not  vary  much  either 
way  from  30  per. cent.,  the  quantity  which  forms  a  saturated  solu- 
tion at  the  ordinary  atmospheric  temperature;  for  if  less  were  usedi 
the  sirup  would  not  run  freely  through,  and  might  even,  if  cooled, 
crystallize  in  the  filters;  and  if  greater,  the  excess  of  water  wotild 
cause  subsequent  loss  of  fuel  and  time  in  its  evaporation.  During 
this  aperatibn,  and  indeed  as  part  of  it,  a  quantity  of  lime  water 
and' of  fine  animal  charcoal  is  added  to  the  solution  of  sugar;  the 
purpose  of  which  we  sh^ll  discuss  under  the  next  division  of  our. 
subject — that  of  defecation,  to  which  it  properly  belongs. 

3.  The  complete  extraction  of  the  juice  f^om  the  beet  is  a  prob^ 
lem  upon  which  much  ingenuity  has  been  exercised  in  France;  and 
the  various  contrivances  and  experiments  which  have  consequently 
been  either  successfully  or  unsuccessfully  tried,  are  well  worthy  oif 
the  attention  of  those  interested  in  the  manufacture  of  cane  sugar; 
for  it  is  thoroughly  established  that  ho  less  than  25  per  cent,  of  all 
the  juice  contained  in  the  cane  is  lost. in  the  usual  mode  of  work- 
ing, being  retained  by  the  spongy  fibres  of  the  begassa;  and  if  im- 
provements are  to  be  made,  or  attempted,  to  get  rid  of  this  loss,  it 
is  certainly  important  to  gather  from  the  experience  of  the  beet- 
sugar  manufacture  all  the  light  which  analogy  can  afford. 

4.  By  pressure.  The  beet,  before  it  is  subjected  to  pressure  to 
obtain  its  juice,  is  usually  first  well  cleaned,  to  remove  adhering 
earth,  and  then  reduced  to  a  finely  divided  state  by  rasping.  The 
details  of  these  operations  I  shall  not  describe,  because,  as  nothing 
similar  has  been  attempted  or  thought  desirable  for  the  cane,  such 
details  are  rather  matters  of  curiosity  than  of  importance  in  coq- 
nexion  with  the  objects  of  this  report;  and  I  may  therefore  bp  al- 
lowed to  refer  to  the  works  upon  that  particular  branch  of  the  sugar 
industry,  for  the  gratification  of  such  curiosity. 

After  being  thus  finely  divided,  the  pulp  of  the  beet  is  pressed, 
either  by  means  of  Bramah's  hydrostatic  press,  (too  well  known  in 
the  arts  generally  to  need  description  here,)  or  by  means  of  the 
press  of  M.  Pecqueur,  which  acts  continuously,  and  consists  of  a 
forcing  pump,  to  push  the  pulp,  as  it  comes  from  the  rasp,  between 
two  revolving  hollow  cylinders,  pierced  with  holes  and  coveted 
with  metallic  gauze. 

This  latter  press  gives  less  juice  than  the  former,  chiefly  because 
it  moves  too  rapidly  to  allow  sufficient  time  for  the  juice  to  flow 
out. .  Both  perform  their  office,  however,  very  imperfectly;  for  it 
is  asserted  that  a  portion  of  the  pulp  can  be  more  fully  deprived  of 
juice  by  squeezing  it  in  the  hand  than  the  mass  becomes  which  is 
subjected  to  the  action  of  either  of  the  above-mentioned  presses. 

The  amount  of  juice  obtained  is  usually  75  per  cent.;  while  96 
per  cent,  i^  contained  in  the  beet.  There  is,  therefore,  a  loss  of 
sbout  20  per  certX. 
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M.  de  Mesmay  extracts  from  pulp  thus  pressed  the  further  amount 

of  15  per  cent,  of  juice  by  subjecting  it  to  the  action  of  steanii  in 

close  vessels.     T^e  steam  appears  to  destroy  the  cellules  left  un- 

'  broken  by  the  rasp,  and  to  allow  an  additional  esr.ape  of  juice  by 

a  second  pressure. 

In  some  establishments  15  per  cent,  of  water  is  added  to  the  pulp 
as  it  comes  from  the  rasp;  after  which,  it  passes  to  the  press.  In 
others,  a  similar  quamtity  of  water  is  poured  in  a  fine  stream  upon- 
the  rasp  itself;  and  i||^is  contended  that  a  juice  is  thus  obtained  of 
equal  density,  and  in  larger  quaptity;  the  theory  being  that  the 
water  acts  by  displacement,  being  absorbed  by  the  pulp  in  place  of 
the  juice  it  contains. 

5.^ Many  experiments  have  been  tried  on  a  large  scale  in  France, 
with  the  purpose  of  discovering,  if  possible,  a  process  for  obtaining 
all  the  juice  contained  in  the  beet  without  injilry  to  its  quality. 
They  appear,  however,  to  have  been  attended  with  but  little  suc- 
cess; and  their  discussion  here  might  therefore  be  omitted,  were  it 
not. that  much  instruction  may  be  derived  from  these  attempts,  with 
reference  to  the  difficulties  and  the  chemical  facts  which  they  ren- 
der manifest,  apd  which  equally  relate  to  the  cane  and  the  impor- 
tant problem  of  the  extraction  of  its  juice. 

Almost  all  of  these  attempts  have  consisted  in  washing  the  rasped 
pulp,  or  slices  of  the  beet,  with  water,  according  to,  methods  vari- 
ously modified,  so  as  to  give  saturated  saccharine  solutions  with  as 
little  admixture  of  foreign  matter  as  possible.  Bi^t  nearly  all  such 
methods  have  been'  attended  with  the  'disadvantage  of  increasing 
the  quantity  of  water  to  be  evapor^ited,  and  the  consequent  expense 
of  fuel.  The  simplicity  of  the  apparatus  proposed,  and  the  small 
investment  of  capital  required  by  most  of  these  processes,  together 
with  an  increased  amount  of  sugar  obtained,  have,  however,  caused 
their  authors  generally  to  imagine  that  they  would  more  than  com- 
pensate for  the  additional  consumption  of  fuel  they  require. 

6.  By  maceration  in  hot  water.  The  process  of  maceration  in  hot 
water  of  M.  de  Dombasle  is  one  of  the  best  known,  and  most  tho- 
roughly tested.  M.  de  Mesmay  having  worked  his  establishment 
for  some  time  according  to  this  method,  at  length  abandoned  it,  and 
adopted  the  usual  method  of  rasps  and  presses.  The  saccharine 
solution  obtained  was  of  the  cpmmon   density,  by  reason  in  great 

5 art  of  foreign  matter  dissolved,  being  indeed  less  rich  in  sugar. 
'he  defecation  was  attended  with  difficulties;  the  feculencies  did 
not  gather  well,  were  very  soft,  and  even  seemed  to  be  of  a  diffe- 
rent nature  fr6m  those  obtained  from  mere  expressed  juice. 

M.  de  Dombasle  having  found  that  cold  water  would  not  extract 
the  juice  from  slices  of  beet,  but  that  it  readily  unites  with  hot 
water,  attributed  this  fact  to  the  vegetable  life  of  the  beet:  it  is 
simply  explained,  however,  by  the  action  of  the  heat  upon  the  al- 
bumen and  cellules,  coagulating  the  former  and  rupturing  the  lfl[t- 
ter,  so  as  to  permit  the  saccharine  matter  to  be  dissolved.  Adopt- 
ing the  theory  that  the  resistance  to  the  solvent  powei  o{  coli  >K^l^t 
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van  .a  force  of  life,  M.  de  Dbmbasle  concluded  that  if  this  Yi{e  he 
destroyed  in  any  way,  then  there  would  be  no  longer  aity  trouble 
found  in  extracting  the  juice  by  simple  maceration  in  water;  Imd, 
therefore,  that  if  the  juice  contained  be  treated  with  a  quantity  of 
water  equal  to  itself,  this  water  .would  form  with  it  a  uniform  solu- 
tion, and  consequently  unite  with  one-half  of  the  saccharine  matter. 

The  sirup 'thus  formed. being  poured  on  a  fresh  portion  of  slices 
of  beet  of  equal  richness  and  weight  with  the  former,  should  tak'e 
up  one-fourth  to  constitute  a  homogeneous  liquid,  and  have  a. rich- 
ness of  three-fourths  of  that  of  the  juice.  Similarly,  by  a  thirdi. 
operation,  it  would  acquire  one-eigbth,  and  so  on;  thus  acquiring, 
by  a  series  of  similar  washings  of  equal  and  fresh  portions,  the 
successive  richnesses,  ^,  ..|,  |,  ||,  -JJ,  JJ,  ||J,  Iff,  etc.;  while  a 
portion  of  pulp,  subjected  to  successive  washings  with  fresh  water 
equal  in  quantity  to  the  juice  it  may  contain,  would  have  the  suc- 
cessive decreasing  richnesses,  1,  i,  hj  h  rV^.^tc;  yielding  to  each 
surccessive  portion  of  water  one-hall  of  its  soluble  contents. 

These  ingenious  views  of  M.  de  Dombasle,  though  predicated  on 
a  theory  which  substituted  mysterious  vital  action  for  simple  phyr- 
sicaT  and  chemical  causes,  led  to  results  such  as  his  conclusions 
caU  for,  and  were  put  in  practice  by  manipulation?  similar  to^lhose 
used  by  the  manufacturers  of  saltpetre, 'who  employ  a  series  of 
tiibs,  arranged  so  that  the  solution  from  one  passes  to  anotber^  the 
more  exhausted  material  coming  in  contact  ^ith  fresh  water,  and 
the  nearly  saturated  solution  acting  on  the  fresh  portions. 

M.  de  Dombasle  employs  a  series  of  tubs,  arranged  not  as  in 
saltpetre  work5,  one  above  another,  but  on  a  level,  and  in  a  circle.' 
The  pulp  is  lifted  from  one  and  placed  in  another,  by  means  of  a 
crane. 

However  ingenious,  this  method  is  very  faulty,  for  chemical 
reasons:  the  hot  water  dissolves  not  only  the  saccharine  juice,  but 
also  a  large  proportion  of  the  pectine,  while  much  of  the  albumen 
coagulates  in  the  pulp.  Hence  the  soft  feculences,  the  dii&culty 
of  collecting  them,  and  their  altered  nature.  As  a  general  rule, 
extraction  by  hot  water  must  dissolve  pectine,  and  leave  albumen 
coagulated  in  the  pulp,  and  is  therefore  to  be  avoided. 

7.  By  maceration  in  cold  water.  Although,  as  above  stated,  cold 
water  will  not  extract  the  saccharine  matter  from  slices  of  beet 
smoothly  cut  with  a  knife,  or  by  other  mechanical  means,  it  yet 
abstracts  it  freely  from  the  pulp  made  by  rasping;  and  therefore 
Various  ingenious  methods  of  maceration  have  been  contrived,  hav- 
ing for  their  objects  economy  of  manual  labor,  continuity  of  ope- 
ration, and  the  subjection  of  the  pulp  to  the  action  of  water  in 
such  manner  as  to  expose  to  fresh  water  that  which  has  been  al* 
reitdy  nearly  exhausted,  and  fresh  pulp  to  the  snluti6n  which  is 
nearly  saturated...  The  contrivances  resorted  to  consist  generally 
in.^nodes  of  conveying^  the  pulp  and  water  in  opposite  directions — 
tWpulp  passing  out  where  the  fresh  water  enters,  and  converse} j 
entering  where  the  latter  escapes. 

Thus  MM.  Martin  and  Cfaamponuois  employed  an  inverted  syphon, 
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throagb  which  pass,  in  opposite  directions,  a  stream  Of  wr.ter  and 
an  endless  band,  to  which  small  transverse  disks  are  attached,  by 
which  the  pulp  is  carried  through  the  syphon. 

^irt  of  these  meclianical  arrangements,  that  which  is  best  known, 
and  which  has  been  most  used,  is  the  Uvigateur  of  M.  Felletan,  a 
rather  complicated  machine,  answering  the  same  purpose  as  the  in- 
rerted  sfyphon  ieind  endless  band  just  described — that  of  carrying 
the  pulp  through  a  stream  of  water  flowing  in  the  opposite  direc- 
tioD;  and  consisting  of  a  sort  of  inclined  Archimedes  screw  and 
trough,  divided  into  numerous  compartments,  so  arranged  that  each 
spiral  of  the  screw  shall  remove  the  pulp  from  one  division  or  com- 
partment to  that  above,  from  which  the  solution  flows  by  reason  of 
the  inclination  given  to  the  whole  apparatus — the  water  entering  at 
the  last  or  upper  division,  where  also  the  exhausted  pulp  passes 
out. 

The^e  processes  extract  the  albumen  and  saccharine  matter,  but 
leave  the  pectine  in  the  pulp;  hence  the  liquor  obtained  is  easily 
defecated,  and  yields  a  (i;ood  sugar;  while  th^  additional  quantity- 
of  water  not  only  renders  fermentation  of  more  easy  occurrence, 
but  also  requires  for  evaporation,  a  greater  quanftityof  fuel — an  ob- 
jection of  the  highest  importance  when  fuel  is  not  very  abundant. 

8.  By  displacement.  Besides  the  above-mentioned  processes, 
others,  depending  upon  the  principle  of  displacement,  have  been 
tried,  though  with  little  success,  for  the  extraction  of  the  saccha- 
rine jnice  from  the  rasped  pulp  of  the  beet.  I  will  here  give  the 
results  obtained  by  M.  Baudrimont,  which  serve  to  show  the  diffi- 
culties which  are  met  with.  He  used  tubes  about  three  inches  in 
diameter,  into  which  he  placed  the  rasped  pulp,  and  then  filtered 
through  it  a  portion  of  water,  uniting  the  effects  of  pressure,  ma- 
ceration, and  filtration,  and  subjecting  the  upper  and  more  ex- 
hausted strata  to  fresh  water,  while  the  lower  portions  were  acted 
•upon  by  the  more  saturated  solution,  so  as  to  combine  many  ad- 
vantages. 

At  first,  the  pulp  was  submitted  to  the  pressure  of  a  short  column 
of  water;  the  juice  flowed  ou*  very  slowly,  and  two-thirds  of  it 
were  expressed  or  displaced  without  mixture  with  water.  The  re- 
maining third  gradually  filtered  from  the  tube  in  aqueous  solutions, 
lesa  and  less  rich,  but  did  not  seem  entirely  dissolved,  until  a 
quantity  of  water  had  been  used  equal  to  four  times  that  of  the 
residual  juice;  so  that,  to  abstract  completely  the  juice  from  a 
portion  of  rasped  pulp,  a  quantity  of  water  equal  in  volume  to 
that  of  the  pulp  must  be  employed. 

•  But'  the  operation  required  12  hours  for  its  completion — an  ob- 
jection of  great  moment.  To  shorten  the  time,  the  pressure  was 
varied  by  increasing  the  height  of  the  column.  Under  the  pressure 
of  about  20  feet  water,  in  the  same  filter,  the  pulp  was  exhausted 
in  about  half  an  hour,  and  required  only  half  of  its  own  volume 
of  water.  Hence,  M.  Baudrimont  supposed  that  greater  pressure 
would  give  even  more  favorable  results.  He  therefore  constructed 
an  appara\us  provided  with  a  forcing  pump,  by  wh\c\i  ^  i^t^^^Mt^  ^1 
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fifteen  or  twenty  atinospheres  could  i:eadily  be  cpmmanded..  The 
pulp  of  the  beet  in  this  app?tratus  yielded  about  75  per  cent,  of  it& 
juice,  unmixed  with  water;  and  the  remaining  25  per  cent,  came 
away  mixed  with  an  equal  quantity  of  water;  so  that  the  pulp  ii^as 
coippletely  exhausted  by  a  quantity  of  W'ater  equal  in  volume  to' 
one- fourth  of  the  juice  it  contained.  In  these  experiments  a  fact- 
was  noticed  by  M.  Baudrimont,  that,  as  the  aqueous  solution  be- 
came less  saccharine,  it  acquired  a  strong,  disagreeable  iaste  of  the 
beet.  Subsequently,  experiments  were  tried  by  M.  Martin^  with 
still  greater  pressures,  by  meaps  of  a  hydraulic  press,  worked'  ra- 
pidly by  a  steam  engine;  the  power  was  so  great,  and  acted  so. 
promptly,  that  the  water  acted  simply. as  a  piston,  compressing  the 
pulp,  and  expelling  its  juice  by  pressure  only;  the  pulp  forming 
a  solid  mass  through  which  the  water  could'  not  -flow,  and  which 
thus  constituted  an  obstruction  not  to  be  overcome.  These  expe- 
riments prove  that  in  the  action  of  displacement  tubes  under  pres- 
sure, the  solution  flows  faster  in  proportion  to  the  pressure;  that 
one  liquid  cannot  displace  another  entirely  without  mixture,  but 
that  this  mixture,  as  well  as  the  quantity  of  the  displacing  liquid, 
is  inversely  proportk)nal  to  the.pressure.  To  these  results  there'is 
a  limit,  however,  if  the  pressure  be  too  great,* in  which  case  dis- 
placement becomes  impracticable,  probably  by  virtue  of  capillarity. 

M.  Legavrian  has  patented  a  process  far  displacement,  in  which 
he  substitutes  atmospheric  pressure  by  means  of  a  vacuum  belcrw 
the  pulp,  from  which  it  is  separated  by  means  of  a  diaphragm 
pierced  with  holes,  the  vacuum  being  formed  either  by  an  air 
pump,  or  by  the  condensation  of  steam. 

From  the  preceding  results,  it  follows  that  displacement^  like  ma-- 
ceraiion^  is  attended  with  the  difficulty  of  mixing  the  juice  witt^ 
water,  and  therefore  involves  loss  of  fuel.  It  has  also  the  disad- 
vantages of  not  acting  continuously,  and  consequently  reqi^ires 
much  manual  labor.  If  cold  water  be  employed,  the  solution  de- 
fecates readily,  and  yields  good  sugar;  but  hot  water  would  ex- 
tract the  pectine,  and  thus  detoriorate  the  saccharine  solution. 

9.  By  desiccation.  Besides  the  above  methods  of  pressure  and 
maceration  of  the  fresh  beet,  there  is  one  which  has  been  tried  in 
Bavaria  by  Mr.  Schutzenbacb,  and  which  consists  in  drying  the 
beet,  cut  by  a  machine  with  knives  into  small  parallelopipeds^ 
after  which  it  is  pulverized,  and  the  sugar  extracted  by  infusion 
in  water  acidulated  with  sulphuric  acid.  The  drying  is  performed 
by  means  of  stoves,  and  the  solution  in  acidulated  water  by  tiaani- 
pulations  much  less  effectual  and  neat  than  the  systematic  modes 
of  M.  de  Dombasle  and  others  above  described.  The  sulphuric 
acid  is  supersaturated  with  lime,  and  the  subsequent  operations  of 
defecation,  filtration,  evaporation,  &c.,  are  then  performed  in  the 
usual  manner,  furnishing  sugar  of  good  quality.  After  drying,  the 
pectine  remains  in  the  insoluble  part  of  the  beet,  and  the  saccha- 
rine solution  obtained  is  therefore  easily  defecated. 

Whatever  advantages  this  process  may  possess,  it  is  impossible 
that  it  can  be  attended  with  economy  of  fuel;  on  the  contrary,  by 
tie  substitution  of  an  equal  quantity  of  water  for  that  originally 
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ftiained  in  the  juicei  double  the  amount  of  water  has  to  be  evap- 
Med,  and  consequently  double  the  necessary  proportion  of  fuel 
ijald  he  consumed.* 

Mr.' Schutzenbach  also  invented  a  process  of  extraction  of  sugar 
imr  dried  beets  by  means  of  alcohol;  one  which  seems  to  possess 
^thiDg  to  recommend  it  to  the  attention  of  planters,  while  it  is 
It  enfy  very  costly,  but  also  attended  with  great  danger  of  loss 
•  property  by  fire,  by  reason  of  the  extreme  inflammability  of  the 
Ittikt  employed. 

Although  the  disadvantage  of  waste  of  fuel  constitutes  a  serious 
j^ection  to  the  employment  of  the  method  of  desiccation,  yet,  if 
e  slices  of  beet,  dried  on  the  farms  where  they  are  cultivated,  be 
ilisported  thence  to  large  establishments  or  refineries  for  the  ex- 
iGtioD  and  refining  of  the  sugar  contained,  it  is  highly  probable 
at  this  method  may  be  found  profitable  and  perfectly  successful. 
»t,  according. to  the  researches  of  MM.  Fr6my  and  Boutron, 
led  slices  of  beet  undergo  a  very  gradual  change  or  fermenta- 
Mii  lactic  acid  being  produced  at  the  expense  of  the  sugar;  they 
cmld  therefore  be  subjected  to  the  subsequent  operations  without 
18  of  time,  since  they  cannot  be  kept  long  without  deterioration. 

10.  The  above-mentioned  constitute  all  the  methods  which  have 
en  tried  oq  a  large  scale  for  the  extraction  of  the  saccharine 
ittar  contained  in  the  sugar  beet,  and  of  which  I  have  any  know- 
djge.  From  a  view  of  the  whole,  the  following  c;pnclusions  sug- 
:fet  themselves  as  the  general  facts  established  with  teference  to 
ik  subject: 

It*  is  impracticable,  by  the  mechanical  means  heretofore  em- 
oyed,  to  extract  more  than  about  75  per  cent,  of  the  saccharine 
ice  contained  in  the  beet.  From  the  pulp  which  has  been  once 
bjected  to  pressure,  about  10  per  cent,  more  of  juice  may  be  ex- 
ess^d  if  it  be  first  moistened,  or  subjected  to  the  action. of  steam 
close  vessels,  the  water  acting  chiefly  by  displacement^  filling 
e  capillary  interstices  of  the  pulp,  and  displacing  the  juice  there- 
regained.  No  other  method  hitherto  employed  is  free  from  ob- 
ctions  of  a  serious  nature;  all  of  those  which  employ  maceration, 
liether  with  hot  or  cold  water,  with  fresh  or  dried  beets,  being 
tended  with  waste  of  fuel,  while  one,  that  with  alcohol,  is  even 
Lble  to  dangerous  accidents.  Hence  it  follows  that  the  only  im- 
»rtant  improvement  made  in  the  beet-sugar  industry,  in  the  ex- 
iction  of  the  juice  by  other  means  than  mere  mechanical  pres- 
rC)  is  that  of  steaming  or  moistening  the  pulp.  Of  the  presses 
(ployed,  the  hydrostatic  and  the  press  Pecqueur,  the  latter  only 
Xb  continuously,  and  offers  to  the  planter  of  the  cane  nothing* 
MB  which  he  can  profit,  inasmuch  as  it  consists  simply  of  a  roller 
orlinder  press,  combined  with  a  sort  of  forcing  pump  for  feed- 
er it  with  rasped  pulp. 


*Soe  Appendix,  note  E. 
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11.  On  tht  extraction  of  the' juice  of  the  sugar  cane,  I  do  not'ih* 
tend  here  to  enter  into  a  detailed  description  of  the  ordinary  sugnr 
mill  with  horizontal  rollers,  so  well  known  to  every  planter^  nor 
-even  to  givQ  a  comparative  view  of  the  methods  practised  in  diffec^ 
ent  countries  at  the  present  time,  or  which  have  at  different  times 
been  used  in  any  one  country;  for  the  rough  methods  formerly  in 
general  use,  and  still  followed  where  imprQvements  have  not  be^k 
introduced,  furnish  nothing  new  and  instructive  to  the  intelligent 
planter,  familiar  with  the  old  vertical  mills  and  their  imperfec- 
tions. Neither  would  a  discussion  here  Of  the  relative  effects  of 
water-power,  steam-power,  and  the  power  of  cattle,  proveof  any 
valu6.  These  are  matters  too  well  understood  to  require  investi- 
gation or  comment.  With  reference,  however,  to  the  horizontal 
roHer-mills)  the  following  observations  may  not  be  to  some  with- 
out interest  and  instruction: 

12.  During  the  grinding  season,  when  the  chief  object  of  ip^ny 
seems  to  be  rather  to  hurry  through  with  the  crop  as  rapidly  as 
possible,  than  to  obtain  the  largest  quantity  of  sugar  of  good  qual- 
ity, the  grinding  of  the  cane  is  often  peformed  in  a  very  improper 
and  ineneetual  manner.  Whether  or  not  this  stricture  applies  as 
well  to  Louisiana  as  to  Cuba  and  the  other  West  India  islands,  I 
cannot  speak  from  knowledge;  but  from  all  I  learn,  I  presume  it. 
does.  A  general  spirit  of  haste  and  hiirry  pervades  the  whole 
force  of  the  plantation,  and  in  consequence  much  is  done  without 
system.  In  grinding,  to  obtain  the  proper  yield,  the  most  perfect 
system  should  be  strictly  observed.  The  mill  should  be  not  only 
regulated  to  a  uniform  speed,  but  should  be  of  sufficient  power  to 
work  off  the  entire  orop  without  requiring  the  speed  to  exceed  th^ 
rate  w:hich  will  permit  the  juice  to  flow  off  readily  before  the  be- 
gassa  is  liberated  from  the  mill,  so  that  this  begassa  mav  not  in 
expanding  act  as  a  sponge,  to  absorb  a  large  proportion  of  the  ex- 
pressed juice.  The  importance  of  grinding  at  low  speed  is  ren- 
dered evident  by  the  following  mean  results  of  numerous  experi- 
ments made  by  the  Marquis  de  Ste.  Croix,  a  very  intelligent  plan- 
ter of  the  island  of  Martinique,  and  which  I  extract  from  a  work* 
he  has  written  on  the  manufacture  of  sugar. 

With  the  same  mill,  and  its  rollers  set  in  the  same  way,  the  juice 
obtained  constituted  45  per  cent,  of  the  weight  of  the  canes  ground 
when  the  rollers  made  six  revolutions  In  a  minute,  and  70  per  cent, 
when  the  velocity  was  only  two  and  a  half  revolutions  per  minute; 
a  difference  of  25  per  cent. 

As  the  surface  developed  is  for  an  equal  number  of  revolutions 
proportional  to  the  diameters  of  the  rollers,  M.  de  Ste.  Croil  as- 
serts that  a  good  result  will  be  obtained  by  rollers  which  develop 
a  surface  of  four  or  five  yards  in  length  per  minute,  so  that  a  roller 
of  two  feet  diameter  should  make  from  two  to  two  and  a  half  re- 
volutions per  minute. 

And  if  it  be  objected  that  this  velocity  is  insufficient  to  express 
the  requisite  amount  of  juice  in  a  given  time,  then  the  length  of 
the  rollers  should  be  increased,  and,  if  necessary,  also  the  power 

•  "Fabrication  ActueU©  da  S\icw  waL  Co\<>tj2«».  '^wa,  \^^.'' 
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of  the  engine.  It  is  the  quantity  of  juice  required  per  hour^  under 
rircamatahces  tHe  most  favorable  for  perfect  extraction  thereof^ 
which  should  d^etermine  the  power  of  the  engine  to  be  employed. 

If  any  planter  should  hare  already  erected  a  mill  with  an  engine 
and  rollers,  which,  to  grind  his  crop,  must  be  worked  at  a  speed 
considerably  higher  than  that  which  gives  a  maximum  yield  of  juice 
for  a  given  weight  of  cane,  then  he  will  find  it  greatly  to  his  ad- 
vantage and  profit  to  employ  no  greate-r  velocity  than  is  absolutely 
requisite  for  the  grinding  of  the  crop.  A  large  quantity  of  cane 
inperfectly  ground  may  yield  a  larger  and  better  result  than  a 
smaller  quantity  thoroughly  expressed.  And  when  frost  or  other 
disadvantageous  circumstances  require  the  cane  to  be  ground  as 
rapidly  as  possible,  it  may  be  often  impracticable  for  the  planter  to 
grind  it  perfectly.  In^such  case,  he  must,  perhaps,  consent  to  lose 
a  portion  of  the  juice  which  he  otherwise  would  have  obtained* 
but  while  there  is  no  such  necessity  for  hasty  and  imperfect  work, 
there  is  no  reason  for  fast  grinding. 

In  Cuba  I  have  seen  the  cane  ground  on.  some  estates  far  more 
rapidly  than  seemed  to  be  requisite.  For  several  hours  the  mill 
would  be  run  at  a  high  speed,  and  the  juice  collected  in  large  re* 
servoirs,  where  it  would  often  stand  a  considerable  length  of  time 
before  it  could  be  drawn  off  for  evaporation.  And  when  once  these 
reservoirs  are  filled,  the  grinding  ceases  until  they  are  emptied, 
when  it  commences  again;  the  negroes  meanwhile  having  been  en- 
gaged in  other  work  than  that  of  feeding  the  mill,  or  more  fre- 
quently having  stowed  themselves  about  the  sugy-house  in  snug 
corner^,  and  fallen  soundly  asleep,  heedless  of  noise  or  care..  It  is 
therefore  evident  that  the  same  amount  of  work  might  be  done  on 
inch  estates,  or  rather  the  same  quantity  of  cane  ground,  at  less 
Telocity  of  the  rollers.  Nor  woiild  it  require  a  larger  force  of  ne- 
groes, or  more  work  of  those  employed,  lor  it  is  self-evident  that 
the.  number  of  negroes  required  to  feed  the  mill  is  proportional  to 
the  quantity  df  cane  ground  in  a  given  time,  or  to  the  velocity  of 
the  rollers;  and  that,  therefore,  if  this  velocity  be  din^inished,  the 
number  of  negroes  may  be  proportionally  decreased;  and  if  it  be 
deemed  requisite  to  allow  short  intervals  of  rest  to  the  negroes 
even  during  the  worlcing  hours,  then  it  seems  to  me  that  this  would 
be  systematically  and  far  better  done  by  dividing  the  feeding  gang 
into  wiitches,  to  relieve  each  other  from  time  to  time,  the  mill 
meanwhile  grinding  uninterruptedly.  Nor  would  the  juice  thus  be 
exposed  to  the  danger  of  fermentation  by  long  standing  in  the  re- 
servoirs; an  accident  which  often  happei.s,  and  for  which  the  poor 
negro^  who  is  charged  with  keeping  them  clean,  is  sometimes  most 
unjustly  blamed. 

So  to  regulate  the  quantity  of  juice  expressed  in  a  given  time 
that  it  shall  furnish  the  evaporating  kettles  with  a  continuous  sup- 
ply equivalent  to  the  steam  constantly  passing  off  from  them,  is 
therefore  the  task  which  the  mill  should  perform;  and  by  the  per- 
formance of  which,  with  the  proper  velocity  of  the  rollers,  the 
crop  is.  made  to  yield  the  largest  amount  of  sugar. 
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13.'  I  -have  h«ard  it  objected  to  the  more  p«rf^ct  estpressiou  of 
the  juice  cOAtai&ed  in  the  cane,  that  the  begassa  utoould  thereby  be 
injured  foryu^e  as  fuel*  On  the  contrary,  by  abstrft'ctrng  that  juice, 
the  begassa  can  be  much  mo.re  readily  and  completely  dried;  for 
the  juicjs  retained  in  the  spongy  tissue  Undergoes  viscous  fermeilta- 
tion,  and  forms  a  deliquescent  substance.  That  A^oisture'  does  not 
contribute  to  the  value  of  any  combustible  for  the  purposes  of  fuel, 
is  evident  from  the  fact  that  heat  is  lost  in  converting,  it  into^team, 
and  thus  driving  it  off  before  combustion  ensues.  Hence  it  follpn^s 
that  to  le^ve  any  quantity  of  saccharine  juice  in  begassa  ihvolves 
even  a  double  loss — first,  of  the  sugar  therein;  and,  secondly,  of 
the  fuel  expended  in  converting  a  poftion  of  said  juice  into  ^tearm. 

14.  Although  it  would  appear  from  the  above  that  th^  cane 
should  yield  70  per  cent,  of  juice,  yet  the  us.ual  proportiqo  ob- 
tained probably  does  not  generally  exceed  about  60  per  cent.  In 
Cuba,  according  to  M.  Casaseca,^  professor  of  ch-emistry  in  the 
University  of  Havana,  the  different  kinds  of  cane  gave  thefollow- 
ipg  results: 

Ribbon  cane,  ground  by  water-power,  on  the  Ingefiio  Ales^ndria^ 
an  estate  belonging  toCount  O'Reilly,  yielded: 

Juice. .'.^ • •••••«•     45   ' 

Begassa •  • , /  •  •  •  •     5^ 

•  J^  ■ 

Creole  cane^  ground  by  steam-power,  on  the  Ingenio  Econoniicaj 
belonging  to  Don  Pedro  Diago,gave:  f 

Juice •.••...     35   - 

Begassa 65. 

100 

OUheite  eane^  ground  by  mill  lurned  by  oxen,  on  the  Ingenio 
Coca  J  belonging  to  Don  Ambrosio  Romero,  gave: 

Juice 56 

Begassa • 44 

100     . 


Otaheita  cane^  ground  by  water-power,  on  the  Ingenio  Ilolanda^ 
belonging  to  Don  Lorenzo  Montalvo,  yielded: 

Juice 57 

Begassa 43 

100 


The  juice  obtained  from  these  different  varieties  of  cane  was  of 
different  density,  and  doubtless,  therefore,  the  canes  varied- much 
in  composition;  but  all  of  these  results  fall  far  short  of  the  amount 

*Aaa.  d«  Chiav.  t\  i«¥\iiV|V  i^^^'^x^t. 
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if  ^uice  contained,  and  which  might  or  should  have  been  expressed. 

f 

•  ^.  I  have  no   authentic   data   from   which   I  can  determine  the 

IkU  asually  obtained  in  Louisiana  or  in  the  British  West  Indies. 
A  Martinique  the  results  probably  correspond  nearly  with  those 
which  M.  Dupuy  has  given  for  Guadaloupe,  and  which  I  here  em- 
body, as  perhaps  not  uninteresting  or  unimportant  to  planters. 


Name  of  plantation. 


Juice , 


Begassa. 


Bum.  Terr& 

LeBildary 

Do 

DoU 

Moyencoart 

Jabran 

Do 

Do 

Mayol 

Mahui^..... 

Boisdeboat 

Deafigne 

Changy 

LaSarolle 

Cairire.... 

Vernier 

Jabron  Bate  Mahanit  , 

Viacel \... 

HonelbooTf , 

Destrelen , 

Girand 

LoDgeharap 

Ard^e 

Bnillier 

SyWaiD-Montaligre. . . 

Scuqaes  

Lalaone 

Pouzeles 

Teruias 

LaariUard 

Eayter  ..^ 

Lamarchandiere 

Litet 

Leolose 

Cli&iiy  • 


63. 5 
•68.2 
63.5 
68.5 
65.5 
61.5 
61.4 
60.5 
58.0 
64.5 
63.0 
57.0 
61.0 
59.0 
60.0 
58.0 
63.3 
60.0 
5f».0 
58.0 
60.0 
55.0 
57.5 
57.0 
55.0 
55.0 
5S.0 
56.0 
01. 5 
62.0 
f>S.O 
60.0 
55.0 
57.0 
57.5 


31.5 
31.8 
'  36.6 
41.5 
34.5- 
38.5 
38.6 
39.6 
42.0 
35.5 
37.0 
43.9 
39.0 
41.0 
40.0 
42.0 
36.7 
40.0 
41.0 
42.0 
40.0 
45.0 
42.5 
43.0 
45.0 
45.. 
42.0 
44.0 
38.5 
38.0 
42.0 
40.0 
45.0 
43.0 
42.5 


Degree   of 
juioe  Bqaum^ 


o 
10.5 

9 
10 
10 
10 

10.5 
10.5 
10.5 
10 

9.5 
10 

10      ' 
10 
9.7 
10 

10.5 
9.5 
9.5 
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H^Dce  it  appears  that  in  that  island  the  yield  of  jjuice  is  about 
60  per  cent. 

The  injury  done  to  ihe  begassa  in  -the  mill  %y  crushing  the  fibres 
is  slight,  if  the  rollers,  be  made  to  move  uniformly  and  with  the 
same  velocity.  And  M.  Dupr^e  states  that  66  or  66  per  cent,  may 
always  be  readily  extracted  without  any  mechanical  deterioration 
of  the  begassa  as  a  fuel. 

16.  To  obtain  a  larger  proportion  of  juice,  M.  Peligot  has  re- 
commended that  the  begassa  be  steeped  in  watet,  and  pressed  a 
second  time  in  the  mill.  A  weak  solution  of  the  juice  is  thus 
made,  from  which  a  considerable  quantity  of  sugar  may  be  obtained. 
M.  Dupree  states  that  he  has  thus  increased  the  yield  20  per  cent., 
without  alteration  of  the  machinery  or  crushing  the  begassa.  To 
evaporate  this  water  requires,  of  course,  additional  consumption  of 
fuel;  which,  where  fuel  is  scarce,  constitutes  a  Serious  objection  to 
M.  F6iigot's  process.  But  where  fuel  is  superabundant,  this  pro- 
cess is  well  worthy  of  the  attention  of  planters.* 

17.  Another  method  of  increasing  the  yield  of  juice  has  been 
proposed  by  M.  Payen,  and  which  may  be  preferable  to  that  of  M. 
Peligot.  Both,  it  will  be  seen  from  what  has  been  given  above, 
are  analogous  to  processes  employed  in  the  beet-sugar  industry^ 
and  may  therefore  be  coni^idered  as  based  upon  experience  as  well 
as  theory.  M.  Payen  suggests  that  the  mill  be  made  of  five  roIler9 
instead  of  three;  and  that  between  the  two*  top  rollers  there  be 
placed  longitudinally  a  pipe,  pierced  with  numerous  small  ori&res, 
to  permit  jets  of  steam  to  issue,  which  would  be  absorbed  by  the 
begassa,  and,  acting  by  displacement,  allow  the  juice  to  be  ex* 
pressed  which  is  firmly  held  by  capillary  forces  in  the  apbney 
tissue  of  the  begassa;  the  steam-pipe  being  supplied  from  the 
boiler  of  the  engine,  and  the  mill  enclosed  in  a  case  of  sheet  iron 
to  prevent  loss  of  steam.  Besides  furnishing  more  concentrated 
products,  and  therefore  requiring  less  fuel,  this  process  would  be 
attended  with  greater  economy  of  time  and  manual  labor  than  that 
of  M.  Peligot.  The  steeping  in  water  required  by  the  latter  needs 
time,  and  the  second  grinding  of  the  moistened  begassa  nearly 
doubles  the  work  of  the  mill  for  the  entire  crop.  Be^des,  weak 
aqueous  solutions  of  sugar  or  cane  juice  are  peculiarly  liable  to 
fermentation;  an  accident  from  which  in  M.  Payen's  method  the 
juice  is  protected  by  the  heat  of  the  steam. 

18.  I  am  not  aware  tiiat  any  processes  similar  to  those  of  mace" 
ration  in  the  beet-sugar  industry  have  yet  been  attempted  or  re- 
commended for  the  cane.  It  has,  however,  been  suggested,  that  if 
the  canes  be  cut,  by  revolving  knives,  into  traverse  disks  or  slices, 
these  might  be  exported  to  foreign  countries,  where  the  sugar  could 
be  profitably  extracted  and  refined.     The  apparatus  requisite  for  a 


*See  n^ie  C,  of  the  Appendix. 
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plantation  wt)uld  consist,  then,  simply  of  one  or  more  such  cutting 
machines,  driven, by  stniraal  or  water-power,  and  drying  stoves  or 
Kilns.  The  consumption  of  fuel  could  not  be  much  Jess  than  that 
required  by  the  present  system  of  working;  for  inasmuch  as  the 
effect  to  be  produced  in  both  methods  is  the  same,  namely,  the 
eTaporation  of  the  moisture  or  water  contained  in  the  cane,  the  fuel 
required  would  vary  only  by  reason  of  a  difference  in  the  economy 
of  the  heat,  as  in  the  two  methods  applied.  ^ 

Bui  there  is  an  objection  which  has  been  urged  against  this  last 
method,  that  the  slices  of  cane  cannot  be  kept  without  fermenta- 
tion, lactic  acid  being  formed  at  the  expense  of  the  sugar  they  con- 
tain. M.  Dupuy  examined  a  portion  of  cane,  which,  having  been 
stripped  of  the  external  rind  and  dried,  yielded  about  66  per  cent. 
of  crystallizable  sugar.  Four  months  after,  it  had  become  soft  and 
colored,  and  was  found  to  contain  only  34  per  cent,  of  sugar.  On 
this  subject  I  have  also  tried  several  experiments,  which  are  given 
in  the  preceding  chapter. 

Section  II. — On  defecation. 

To  separate  from  the  expressed  juice  foreign  matters  which  are 
combined  chemically  with  it,  and  by  means  whicli  will  not  injure 
the  sugar  contained,  constitutes  th*e  first  and  by  far  the  most  impor- 
tant and  difficult  operation  of  the  manufacture  of  sugar.  Upon  this 
operation,  commonly  called  defecation^  every  subsequent  one  chiefly 
depends.  If  it  be  properly  performed,  the  rest  present  compara- 
tively little,  difficulty;  but  if  errors  be  committed  in  it,  their  con- 
sequences cannot  be  subsequently  remedied,  and  must  therefore 
affect  the  final  result.  The  impurities  which  are  simply  mixeii  with 
the  juice  require  but  little  skill  or  knowledge  for  their  separation, 
sieves  of  copper  wire  and  filters  o(  cloth  being  sufficient  for  that 
purpose.  But  to  separate  the  albumen,  pectine^  salts,  &c.,  which 
are  dissolved  in  the  saccharine  juice,  so  as  to  permit  the  latter  to 
be  extracted  in  a  pure  crystalline  form,  is  a  delicate  chemical  prob- 
lem, requfring  skill  and  some  knowledge,.both  theoretical  and  prac- 
tical, of  the  nature  and  properties  of  the  various  substances  con- 
tained in  the  juice,  as  well  as  those  employed  as  agents  of  separa- 
tion. 

In  this  section  I  propose  to  describe  and  discuss /the  processes  of 
defecation  heretofore  employed  or  attempted  on  a  large  scale. 

1.  Refining  su^ar.— Refiners  employ  for  their  raw  material  sugars 
from  which  nearly  all  the  foreign  matters  originally  contained  in 
the  juice  of  the  beet  or  cane  have  be^n  carefully  removed.  Besides 
molasses  and  the  products  of  fermentation,  there  is,  indeed,  little 
else  mixed  with  even  the  most  inferior  muse  )vado  sugars  except  a 
small  quantity  of  pieces  of  dried  cane  or  other  dirt.  And  as  the 
refiners  select  for  their  purposes  sugars  of  a  dry,  gritty,  crystalline 
grain,  as  little  discolored  and  moistened  by  molasses  as  possible,  it 
follows  that  the  proportion  of  foreign  matter  which  they  have  to 
extract  is  comparatively  small. 
24 
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2.  Hence,  in  refining,  the  operation  of  defecation  i^  far  less  diffi- 
cult than  in  the  Dianufacture  of  the  raw  article.  -Under. the  old 
method  of  refining  by  means  of  bullock's  blood,  there  is,  indeed, 
nothing  particularly  worthy  of  notice  except  the  action  of  the  lime- 
water  in  which  the  sugar  is  dissolved;. for  the  pperationof  the  blood 
is  simply  mechanical,  collecting  together,  in  a  kind  oif  net-work, 
all  solid,  swimming  particles,  by  the  coagulation  of  the  serum  or 
albumen,  and  whicn  may  therefore  be  considered  as  a  sort  of  strain- 
ing or  filtration;  but  the  lime* water,  which  i^  by -the  refiners  sup- 
posed to  act  simply  as  a  base  to  neutralize  acid  in  sugars,  ha&  quite 
a  different  part  to  play.  In  moist  sugars,  (the  molasses  in  which 
has  undergone  partial  fermentation,  giving  rise  to.  the  formation  of 
a  small  quantity  of  alcohol,  which,  by  absorbing  oxygen,  passes 
into  acetic  acid,)  doubtless  the  lime-water  neutralizes  this  slight 
quantity  of  acid.  But  this  lime  acts  chiefly  on  the  albumen  of  the 
inolasses  and  the  sug^r,  aicling  in  the  coagulation  of  a  portion  of 
the  albumen,  combining  with  and  rendering  soluble  another  portion 
thereof,  and  uniting  chemically  both  with  the  grape  sugar  {saccharo- 
glucose)  of  the  molasses  and  a  portion  of  the  cane  sugar  itself. 
Although,  alter  this  union  w*ith  lime,  sugar  may  perhaps  be  some- 
what less  injured  by  heat,  still  it  cannot  be  doubted  that  the  solu- 
ble and  uncrystallizable  compound  thus  formed  of  sugar  and  lime 
involves  considerable  loss,  inasntuch  as  the  lim^  is  united  in  it  with 
twice  its  weight  of  sugar.  The  lime  also  gives  a  dark  color  to  the 
grape  sugar,  and  we  may  conclude  that,  if  the  subsequent  operation 
of  claying  were  omitted,  sugar  of  a  quality  inferior  even  to  that  of 
the  raw  material  would  be  obtained.  But,  by  means  of  the  combi- 
nation of  a  portion  of  the  sugar  with  the  lime,  the  crystallization 
is  of  looser  and  larger  grain;  thus  favoring  the  removal,  by  dis- 
placement with  water  in  claying,  of  the  intervening  impure  sirup 
and  other  foreign  matter. 

3.  In  the  modern  process  of  refining,  great  improvements  have 
taken  place  in  defecation  by  the  use  of  animal  charcoal.  In  1811, 
M.  Figuier,  cf  Montpelier,  discovered,  and  in  1812  M.  D6rosne.  re- 
commended, the  substitution  of  pulverized  bone  or  ivoryblack  as 
a  Aore  energetic  substance  for  wood  charcoal,  which  (in  1805)  h&d 
been  introduced  and  employed  by  M.  Guillon  to  clarify  and  de- 
colorize sirups.  The  boneblack  is  added  to  the  hot  solution  of  sugar 
in  quantities  not  exceeding  5  or  10  per  cent,  of  the  sugar.  Con- 
siderable effervescence  takes  place  by  the  escape  of  gases  condensed 
in  its  pores,  or  by  the  disengagement  of  carbonic  acid  from  the 
carbonate  of  lime  contained  in  the  boneblack,  the  lime  of  which 
unites  with  and  neutralizes  the  acetic  acid  which  has  been  formed 
by  fermentation  in  the  sugar.  Hence,  with  good  dry  sugars  there 
is  little  or  no  necessity  for  the  addition  of  lime.  For  very  moist 
sugars,  however,  a  quantity  of  lime  w^ter  may  b^  used  advantage- 
ously, and  any  slight  excess  of  lime  will  be  removed  by  the  bone- 
black. 

4.  Muscovado  sugars  usually  part  with  their  colofing  matter  and 
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mineral  impurities  by  the  use  of  boneblack  far  (nore  readily  than 
with  a  9ort  of  mucilage  or  pectine,  which  they  usually  contain  in 
small  proportion^  and  which  renders  the  decolorized  sirup  opales- 
cent|  or  only  imperfectly  clear.  Hence  most  refiners^  by  the  new 
and  improved  methods,  still  continue  to  use  a  small  quantity  of 
Udod  to  render  their  sirups  transpieirent.  To  obviate  this  difficulty) 
or  the  necessity  of  using  a  substance  so  offensive  as  bullock's  blood) 
Tarious  articles  have  been  tried,  such  as  alum,  acetate  of  lead,  &c.; 
the  objection  to  which  has  been  chiefly  that  they  may  leave  in  the 
fugar  soluble  salts,  or  other  foreign  matter.  Such  impurities  are 
readily  detected  by  means  of  chemical  tests. 

5*  In  this  connexion  it  gives  me  pleasure,  as  an  act  of  justice, 
to  bear  testimony  to  the  puritv  of  those  sugars,  refined  by  the  large 
establishments  in  the  United  States,  which  I  have  analyzed,  and 
especially  the  manufactures  of  the  Boston  sugar  refinery,  Woolsey 
&  Woolsey,  R.  &  L.  Stewart,  of  New  York,  J.  S.  Levering  &  Co., 
of  Philadelphia,  and  Mr.  Richstein,  of  Baltimore. 

I  have  heard  it  charged  that  some  of  these  refineries  employ  alum 
to  impart  beauty  of  crystal  to  their  sugar,  by  being  mixed  there- 
with— an  allegation  alike  untruef  and  absurd.  I  have  visited  them 
all|  and  carefully  inspected  the  operations  therein  performed,  (ex- 
cept at  the  refinery  of  Woolsey  &  Woolsey,)  and  I  speak  from  per- 
sonal knowledge,  therefore,  in  what  I  have  said. 

In  the  refinery  of  J.  S.  Levering  &  Co.,  a  process  is  employed 
for  clarification  peculiar,  I  believe,  to  that  establishment,  which 
bas  been  communicated  to  me  confidentially,  and  which  I  consider 
perfectly  unexceptionable;  neither  alum,  buflock's  blood,  nor  any 
other  objectionable  substance  being  there  used  for  clarification  in 
making  sugar  absolutely  pure  and  of  extreme  whiteness  and  beauty. 

6.  In  1812,  Mr.  Howard,  the  inventor  of  the  celebrated  vacuum 

£an|  patented  a  method  of  defecation  by  meahs  of  a  substance 
nown  as  Kow^ii^s  finings.  For  every  hundred  weight  of  sugar 
to  be  refined,  2^  pounds  of  alum  are  dissolved  in  about  24  times  its 
weight  of  water,  and  three  ounces  of  whiting  are  then  added,  stir- 
ring the  mixture  until  it  ceases  to  effervesce.  When  it  has. sub- 
sided, the  supernatant  liquor  is  decanted,  and  the  precipitate  is 
well  mixed  with  such  a  proportion  of  cream  of  lime  as  to  cause  it 
barely  to  stain  tumeric  paper  when  wet,  but  which  shall  be  re- 
stored to  its  yellow  color  on  drying.  The  cream  of  lime  is  pre- 
pared by  slaking  quicklime,  and  making  it  into  a  thin  paste  with 
-water,  which  is  boiled  until  the  lime  appears  like  curdled  milk, 
and  then  passed  through  a  fine  sieve. 

Of  the  value  of  Howard's  finings  I  cannot  speak  positively,  but 
at  present  they  are,  I  believe,  little  used  by  refiners.  By  the  re- 
action of  the  whiting  (carbonate  of  lime)  upon  the  alum,  sulphate 
of  lime,  alumina,  and  sulphate  of  potash  are  produced.  The  latter 
being  soluble  in  water,  would  be  dissolved  in  the  sirup;  hence  the 
necessity  that  the  precipitate  bie  well  washed.  If  the  sulphate  of 
potash  be  carefully  removed}  by  washing}  from  the  alumina  and 
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sulphate  of  lime,  the  mixture  of  the  two  latter  might,  I  beliey^,  be 
advaiitageously  employed  with  fine  boneblack  for  defecation,  but 
in  Somali  qaantity  only^  and  not  in  such  large  proportion  as  recom- 
m€lided.by  Mr.  Howard. 

7..  Alqm  alone  has  been  trred  by  some  refiners.  It  is  mixed 
with  the  solution  of  sugar;  and  after  it  is  we'll  diffused,  lim^  is 
added,  as  usual;  sulphate  of  lime  and  alumina  precipitate^  and  act 
like  coagulated  albumen,  mechanically,  to  clear  the  solution*  But 
sulphate  of  potash  would  remain  in  solution;  *and,, if  considerable 
in  quantity,  must  injure  the  sugar. 

8.  Defecation  of  the  juice  of  the  beet.  To  understand  the  theory 
of  the  defecation  of  beet  juice,  a  knowledge  of  its  chemical  con- 
stitution is  essential.  This  has  been  made  a,  subject  of  investigiai- 
tion  by  several  distinguished  chemists,  and  may  be  considered* 
therefore,  as  well  known  as  in  the  present  state  pf  chemical 
science  is  readily  practicable.  But  future  progress  in  chei^istry 
may,  and  doubtless  will,  cast  new  light  upon  this  matter. 

Of  all  the  analyses  which  haye  been  made,  I  give  sis  perhaps  .the 
most  complete  the  following,'  made  by  M.  Braconnot:* 

The  Silesian  beet  contains — 

1.  Crystallizable  sugar; 

2.  Uncryssallizable  sugar; 

3.  Albumen; 

4.  Pectine;  ' 

5.  Mucilaginous  matter; 

6.  Lignin; 

7.  Phosphate  of  Magnesia; 

8.  Oxalate  of  potash; 

9.  Malate  of  potash; 

10.  Phosphate  of  lime; 

11.  Oxalate  of  lime;  ' 

12.  A  fatty  acid  of  the  consistence  of  tallow; 

13.  Matter  analagous  to  wax; 

14.  Chloride  of  potassium; 

15.  Sulphate  of  potash; 

16.  Nitrate  of  potash; 

17.  Oxide  of  iron; 

18.  Nitrogenous  matter,  soluble  in  water; 

19.  An  unknown  odorous  and  acrid  substance; 

20.  An  undetermined  salt  of  ammonia,  in  small  quantity; 

21.  Pectic  acid. 


I 


9.  The  crystallizable  sugar  usually  constitutes  about  fire  to  'ten 
er  cent.  It  gradually  increases  as  the  beet  advances;  but  if  al- 
owed  to  run  ta  seed,  no  sugar  will  be  found  in  the  juice.     In  such 
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nWt,  M«  P61igot  could  not  detect  eVen  a  trace  of  sugar;  in  beet 
leaves  he  found' but  a  very  small  quantity. 

'^  10.  The  existence  of  uncrystallizable  sugar  already  formed  in 
beitiis  a  disputed  point;  while,  as  by  the  above  analysis^  M.  Bra- 
connot  admits  it,  Messrs.  Pelouze  and  P6Jigot,  chemists  of  equal 
Tuk,  were  unable  to  extract  it  by  alcohol.  Certainly,  thereforci 
it  exists,  if  at  all,  only  in  such  proportion  as  to  be  practically  in- 
appreciable. 

11.  The  albumen  contained  in  the  beets  appears  to  be  in  the.  fluid 
state,  and  is  expressed  with  its  juica.     As  it  is  thus  in  th^  soluble 
foraii  it  also  is  extracted  by  the  processes  of  maceration.     Accord** 
bgto  M.  Braconnot,  the  presence  of  a  free  acid  in  the  juice  pre- 
vents this  albumen  from  being  coagulated  by  heat  alone.     Hence 
the  employment  of  lime, .by  neutralizing  that  acid,  coagulates  it. 
It  is  also  coagulated  by  sulphuric  and  other  acids,  as  well  as  by 
certain  salts,  such  as  acetate  of  lead,  sulphate  of  zinc,  &c.     By  in- 
cineration, M.  Braconnot  found  that  the  albumen  yielded  carbo- 
late  and  phosphate  of  lime.     In  what  manner  or  form  the  lime  of 
this  carbonate  of  lime  exists  in  combination  with  the  albumen,  it 
f      ii  difficult  to  imagine,  and. the  subject  requires  further  investiga- 
f      tioD. 

{  12.  The  pectineal  according  to  M.  Braconnot,  remains  in  the  pulp 
irKen  submitted  to  pressure,  and  is  not  found  in  the  expressed 
jaice.  Cold  water  dissolves  the  sugar,  the  albumen,  and  the  solu- 
ble salts,  but  leaves  the  pectine,  which  may  then  be  extracted  from 
tlie  lignin  (woody  fibre)  by  hot  water,  and  forms  a  viscid  solution. 
Neither  acids,  the  s^lts  of  lime,  nor  tannin,  produce  any  apparent 
effect  upon  this  solution,  but  slacked  lime  causes  it  to  coagulate. 

13.  The  mucilaginous  matter  which  M.  Braconnot  gives  as  a 
constituent  of  beets,  analagous  to  gujmi,  is  perhaps  a  modification  of 
pectine.  So,  likewise,  the  pectic  acid  which  he  obtained  is  sup- 
posed by  other  chemists  not  to  be  contained  in  the  beet,  but  to  re- 
sult from  a  species  of  fermentation  of  the  pectine. 

14.  The  lignin^  or  woody  fibre,  though  contained  in  all,  yet  va- 
ries with  the  age  of  beets,  being  greater  for  those  which  are  very 
yoang  or  very  old.  It  contains  oxalate  of  lime  and  the  phosphate 
of  lime  and  magnesia;  the  latter  is  soluble  in  acids,  from  which  it 
is  separated  t^y  bases.  The  expressed  juice  also  contains  phosphate 
of  magnesia,  together  with  all  the  soluble  salts  above  mentioned. 
1\Lt  fatty  acid,  of  the  consistence  of  tallow,  appears,  according  to 
the  analysis  of  M.  Dubrunfaut,  to  be  composed  of  a  fixed  oil  and  a 
solid  fat. 

15.  Besides  th^  above-mentioned  substances  which  are  contai 
in  ikt  white  be^t  of  Silesia,,  there  are  in  red  and  yellow  beets* 
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loriDg  matters  whioh  impart  to  tbem  their  respective  colors;  which 
colors  ate  easily  removed  by  bonebtack. 

As  results  of  chemical  change  or  fermentation,  beet  juice  may 
also  contain  uncry^tallizable  sugar,  a  brown  coloring  matter,  ai|d  a 
viscidf^substance  which  is  insoluble  in  water.  The  nature  of  the 
soilin  which  they  are  planted  also  changes  greatly  the  composi- 
tion-of  beets,  and  especially  of  the  salts,  both  in  their  kind  and 
proportion. 

16.  The  following  results,  obtained  by  M.  P^ligot,  will  enable 
the  reader  to  form  an  idea  of  the  relative  proportions  of  the  con-> 
stituent  substances  contained  in  beets  of  different  ages: 
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17.  As  the  composition  of  the  beet  varies  with  age  and  soil,  so 
also  does  it  vary  with  drought  or  wetness  of  season.  M.  de  Dom- 
basle  has  observed  that  the  density  of  the  juice  increases  in  dry 
weather,  an8  decreaseswhen  the  ground  is  saturated  by  rain.  This 
variation  of  density  amounts  to  from  one  to  two  degrees  Beaume: 
it  is  greatest  in  sandy  and  least  in  clayey  soil;  the  latter  retaining 
moisture  longer  and  absorbing  it  less  rapidly  than  the  former. 

The  preceding  facts  will  be  sufficient  to  permit  us  to  form  correct 
ideas  of  the  chemical  reactions  which  are  concerned  in  the  process 
of  defecation.  We  should  bear  in  mind  that  besides  water  and 
sugar,  the  principal  constituents  of  the  beet  are  pectine,  albumen, 
and'woody  fibre,  while  the  saline  and  other  impurities  exist  in  com- 
paratively small  quantities.  Hence  we  may  disregard  the  latter) 
except  in  so  far  as  they  exert  an  influence  upon  the  former  by 
modifying  the  chemical  phenomena.  Thus,  for  instance,  it  ap* 
pears,  as  above  mentioned,  that  the  albumen  in  beet  juice  caniiot 
be  'Coagulated  by  heat  alone,  in  consequence,  perhaps,  of  a  free 
*acid. 

We  should   also   take  into  consideration  the  effects  produced  by 

the   different   methods   employed  for  extracting  the  juice.     When 

the  process  of  rasping  and   pressing   has   been  employed,  the  ex- 

pressed  juice  will   contain  sugar,  albumenj'  and  the  soluble  salts, 
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tbose  of  potash  and  ammonia,  together  witji  the  (nitrogenous  s^nb- 
8t«Dce  No.  18;  while  the  pulp  will  consist  of  woody  fire,  retained 
jnice,  the  insoluble  salts,  and  the  greater  part  of  the  pectine. 
Owing,  however,  probably  to  mechanical  causes,  a  small  portion  of 
the  pectine  escapes  i^ith  the  juice.  When  maceration  in  cold 
water  is  used,  the  saccharine  solution  will  contain  the  same  impu- 
rities, with  ihe  exception  of  pectine.  Maceratiion  in  hot  water  ex- 
tracts most  of  the  pectine  and  all  the  substances  soluble  in  cold 
water,  except  part  of  the  albumen;  the  pulp  retaining  the  insolu- 
ble substances  and  the  rest  of  the  albumen  and  pectine. 

18.  Two  methods  of  defacation  have  generally  been  followed  in 
the  beet  sugar  industry;  in  one  of  which,  the  older,  both  sulphuric 
acid  and  lime  are  used;  in  the  other,  lime  alone  is  employed.  The 
latter  seems  to  be  much  the  preferable  method. 

When  sulphuric  acid  is  used,  1  part  by  weight  thereof,  at  the 
usual  strength  of  66^  Btaum6,  is  diluted  with  8  parts  of  water,  and 
added  to  2,000  parts  of  expressed  juice,  in  wooden  tanks  holding 
each  about  175  gallons,  and  lined  with  lead,  and  into  which  the 
jaice  flows  by  troughs  from  the  press.  Ii\  these  tanks  the  juice  is 
often  allowed  to  stand  a  considerable  time;  and  from  them  it  is  re- 
moved to  the  defecators,  vessels  of  about  the  same  capacity  of  175 
mllons,  with  double  bottoms,  that  they  may  be  heate4  by  steam; 
for  a  more  particular  description  of  which,  see  plate  1,  figure  7. 
la  defecators,  lime  is  added  usually  in  the  proportion  of  about  1.25 
of  the  weight  of  sulphuric  acid,  and  which  has  been  slacked  and 
mixed  with  water  into  a  cream  of  lime.  Heat  being  applied,  the 
liquor  is  well  stirred;  and  when  it  has  attained  th^. temperature  of 
about  100**  Fahrenheit,  one  os  two  gallons  of  bullock's  blood  or 
skimmed  milk  are  poured  in.  As  soon  as  it  commences  to  boil^  or 
at  212*^  Fahrenheit,  the  heat  is  checked  entirely.  The  scum  is  re- 
moved from  the  surface,  and  subjected  to  pressure  to  extract  the 
juice  it  may  have  absorbed;  and  the  defecated  liquor  is  allowed  to 
repose  for  a  few  minutes,  that  it  may  become  clear! 

19.  In  the  method  of  defecation  by  lime  alone,  this  agent  Is  em- 
ployed in  proportions  from  2  to  12  thousandths  of  the  weight  of 
the  juice,  according  to  its  nature,  which  varies,  as  above  described, 
"With  the  kind  of  beet,  the  soil,  the  wetness  or  dryness  of  season, 
Jbc.  The  quantity  of  lime  to  be  used  is  ascertained  by  trial  or  by 
experiment,  though  very  roughly.  The  juice"  flows  from  the  press 
into  defecators  similar,  both  in  ^ize  and  form,  to  those  described 
above^'and  When  it  is  heated  to  about  140^  Fahrenheit,  the  lime  is 
kdded,  mixed  with  water  into  a  paste.  The  mixture  is  stirred 
thoroughly  for  a  few  moments,  and  then  permitted  to  remain  un- 
diaturbed  until  the  first  appearance  of  ebullition,  when  the  heat  is 
shut  oflF,  the  scum  removed  to  be  pressed,  and  the  liquor  left  to  re- 
pose, that  solid  particles  may  separate  as  scUm  or  by  precipitation. 

20.  The  action  of  lime  on  beet  juice  is  somewhat  complicated. 
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ls\j  it  coagulates  a  portion  of  the  albumen;  2dy  it  unites  with  and 
renders  soliible.  another  portion  thereof;  Sd,  it  converts  the  pec- 
tine  into  pectic  acid,  with  which  it  combines';  4th,  it  decomposes 
some  of  the  soluble  salts;  5th,  it  forms  with  sugar  a  soluble  che-' 
mical  compound,  s'accharate  of  lime;  6th,  it  saturates  any  free  acid, 
which  may  exist.  Hence  it  is  not  at  all  surprising  that  great  diffi- 
culties attended  the  use  of  lime  in  the  earlier  attefnpts,  and  that 
Achard,  of  Berlin,  to  whom  the  beet  sugar  industry  owes  its 
origin,  should  have  even  preferred  sulphuric  acid  as  a  defecating 
agent. 

Sulphuric  acid  coagulates  the  albumen  contained*  in  the  beet  juice 
very  promptly;  but  if  its  action  be  continued,  it  converts  the  cane 
sugar  into  left  polarizing  sugar,  which  cannot  be  crystallized. 
This  effect  takes  place  very  quickly  when  aided  by  heat;  and  if 
the  acid  remain  unsaturated,  it  may,  in  evaporation, even  carbopize 
a  portion  of  the  sugar. 

21.  Thus  neither  sulphuric  acid  nor  lime  can  be  -used  alone,  in 
excess^  without  injury.  The  first  attempts  at  making  beet  sugar 
were,  therefore,  attended  with  but  little  success;  a  dirty  black  mass 
being  often  produced,  instead  of  good  crystalline  sugar.  Subse- 
quently, the  use  of  sulphuric  acid,  folfowed  by  the  addition  of  Iime| 
as  above  described,  enabled  the  beet  sugar  makers  to  produce  a 
mach  better  article  and  with  greater  certainty;  but  this  methodj 
which  has  since  been  to  a  great  extent  abandoned  in  consequence 
of  the  introduction  of  boneblack,  was  attended  with  the  disadvan- 
tage of  requiring  very  great  skill  to  neutralize  the  acid  without 
leaving  an  excess  either, of  acid  or  of  lime  to  produce  injury.  Be- 
sides, the  acid  could  not  often  be  neutralized  before  it  had  convert- 
ed a  considerable  portion  of  crystallizable  into  uncrystallizable 
sugar. 

22.  Since  boneblack  has  been  employed  for  filtration  and  decol- 
orization,  slight  excess  of  lime  in  defecation  has  been  attended 
with  no  injury;  and,  consequently,  lime  alone  has  been  used,  ac- 
cording to  the  method  above  described.  The  manner  in  which  the 
boneblack  acts  thus  as  a  remedy  for  an  over-dose  of  lime  depends 
upon  the  presence  of  a  small  portion  of  carbonate  of  ammonia, 
which  is  decomposed  by  the  lime  forming  carbonate  of  lime  and 
setting  the  ammonia  free.  This  ammonia  is  subsequently  volatilized 
and  driven  off  by  the  heat  in  the  process  of  evaporating  the  juice; 
but,  to  render  the  use  of  boneblack  sufficiently  economical,  the  lime 
thus  acted  upon  by  the  carbonate  of  ammonia  must  be  in  small 
quantity— a  condition  of  great  importance,  and  which  requires  that 
it  be  used  very  nearly  in  the  exact  proportion  necessary  to  coagu- 
late the  albumen  and  separate  the  other  substances  with  which  the 
lime  forms,  insoluble  compounds,  without  leaving  any  considerable 
residue  to  dissolve  albumen  and  unite  with  sugar,  to  constitute 
soluble  saccharate  of  lime.  In  short,  the  quantity  of  lime  must  be 
either  exactly  that  of  perfect  defecation,  or  very  little  in  excess — 

a  nice  po'inij  to  attain  which  requires  some  skill  and  care. 
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.23.  By  some  manufacturers  the  lime  is  added  by  weight;  By 
others  it  is  mixed  with  wateV  into  a  pastei  of  such  consistence  as 
to  indicate  about  14^  Beaum6,  and  then  used  by  yoluihe  or  measure. 
It  is  not  very  convenient  or  easy  to  weigh  es^ch  time  ^exactly,  and 
ia  small  quantities,  the  lime  required,  without  balances  and  weights 
of  better  construction  than  those  commonly  employed  in  the  arts. 
Hence  it  has  been  generally  preferred  to  mix  it  into  a  paste  with 
water,  and  in  .large  quantity,  so  as  to  have  on  hand  a  considerable 
SQppIy  of  uniform  quality.  When  the  lime  contains  silex — as  most 
lime  does  which  is  manufactured  from  ordinary  limestone — the 
method  of  using  it  in  the  form  of  paste  has  the  further  advantage 
of  being  freed  somewhat  from  the  silex,  which  precipitates.  As 
Beither  the  appearance  nor  the  density  of  the  juice  furnishes  an 
indication  of  the  quantity  of  lime  to  be  employed  for  defecation, 
experiments  op  a  small  scale  must  be  made.  The  following  method 
of  performing  these  experiments>  sug(;ested  by  M.  Payen,*  seems 
to  me  to  be  attended  with  simplicity,  convenience,,  and,  what  is  of 
great  consequence,  despatch:  prepare,  by  weighing  beforehand  (in 
a  small  pair  of  scales,  such  as  are  used  for  medicines,)  six  doses  of 
allocked  lime,  of  one  gramme  (15  grains)  each;  or,  which  is  better, 
six  equal  measures  of  paste  of  slacked  lime,  marking  13^  or  .14^ 
Beaumdy  and  containing  one  gramme  each.  Then  heat  in  any  con- 
Tenient  vessel  one  litre,  or  any  other  definite  measure — for  instance^ 
one  quart — of  beet  juice;  and,  when  it  has  reached  the  temperature 
of  125^  to  150^  Fahrenheit,  add  one  dose  of  the  lime,  mixed  with 
water;  and  as  soon  as  it  commences  to  boil,  take  out  a  spoonful  of 
the  liquid  and  pour  it  into  a  paper  filter,  placed  in  a  funnel.  Add 
then  a  second  dose;  put  the  juice  again  on  the  fire,  and  when  it. 
begins  to  boil  take  another  spoonful,  which  filter  as  the  first.  Gon- 
tinue  this  operation  i^ntil  the  whole  six  doses  have  been  added. 

The  liquid  filtered  from  each  spoonful  is  caught  in  a  glass  tube, 
and  the  six  tubes  permit  the  results  to  be  compared  very  accurately 
by  looking  through  them  lengthwise.  The  first  tube,  which  shows 
a  clear  amber-colored  liquid,  indicates  the  proportion  of  lime  to  be 
nsed;  for  although  the  following  tubes  contain  clear  liquids,  equally 
or  even  more  colorless,  the  excess  of  lime  in  them  will  be  injurious. 

It  is  important  that  the  lime  used  in  defecation  should  be  as  mi- 
nutely divided  as  possible.  To  this  end  it  should  be  carefully  se- 
lected, if  practicable,  of  the  best  quality;  and  not  only  slacked  rn 
considerable  quantities,  but  thoroughly  mixed  into  a  smooth  paste 
by  stirring  it  gently  for  some  time.  By  allowing  it  to  subside,  and 
then  removing  the  clear  water  from  it  by  decantation,  it  will  be 
improved,  if  it  contain  potash  or  any  other  soluble  salt;  and  this 
washing  may  even  be  repeated  several  times  with  advantage. 

Though  the  experiments  upon  a  small  scale,  above  described,  are 
Tery  useful  to  determine  approximatively  the  dose  of  lime  to  be 
used  in  defecation,  they  yet  require  to  be  checked  by  the  results 
of  working  on  the  large  scale.    Nor  will  they  answer  for  an  entire 
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crop)  but  muat  be  from  week  to  lyeek  repeated,  if  the  maaufacturer 
has  reason  Xq  suppose  that  the  juice  varies,  by  reason  of  any  diffe- 
rence of  circumstances  in  the  culture  or  growth  of  the  beets.  . 

24.  It  is  therefore  important  that  the  characteristic  indications 
of  a  good  defecation  should  be  practically  and  familiarly  known. 
They  are — ^^  1st,  an  escape  of  ammonia,  very  sensible  near  the  sur- 
face; 2d,  a  distinct  separation  of  flakes,  swimming  in  clear  juice^ 
and  easily  seen  in  a  silver  spoon;  3d,  an  iridescent  or  rainbow- 
colored  pellicle,  which  forms  when  the  breath  is  blown  upon  the 
liquor;  4th,  a  moist  greenish  scum,  forming  thicker  and  thicker  on 
the  surface,  and  then  becoming  of  the  consistence  of  curds  of  milk 
or  fresh  cheese;  6th,  crevices  taking  place  in  the  thickness  of  the 
scum;  €th,  the  first  irruption  of  juice  through  one  of  the  crevices^ 
indicating  the  commencement  of  ebullition."* 

25.  Hence  it  appears  that  defecation,  consists  in  a  proper  coaga"* 
lation  of  the  albumen,  and  consequent  separation  of  the  insoluble 
matters,  as  in  the  operation  of  clarifying  with  bullock's  blood  in 
refining;  and  that  the  heat  must  be  checked  at  the  instant  of  ebul- 
lition, to  prevent  the  impurities  collected  by  the  coagulated  alba- 
men,  as  a  net-work,  being  disturbed  and  mixed  again  with  the  juice. 

When  an  excess  of  lime  has  been  used,  the  above  described  in- 
dications all  appear;  but  the  clear  juice  retains  a  disagreeable  tastei 
which  is  only  partially  removed  by  filtration  through  3  or  4  per 
cent,  of  boneblack  in  grains.  But  if  lime  be  employed  in  great 
excess,  the  scum  is  soft  and  pasty.  Some  manufacturers  put  a  por- 
tion of  the  clear  juice  into  a  glass,  and  blow  their  breath  through 
it  with  a  straw  or  tube;  it  then  losses  its  limpidity  and  becomes 
turbid,  if  it  contain  an  excess  of  lime,  by  forming  car^ianate  of 
lime  with  the  carbonic  acid  of  the  breath.  The  albumen,  whidh  is 
coagulated  by  lime  in  proper  proportion,  is  dissolved  gradually  as 
the  excess  of  lime  becomes  greater.  The  scum,  therefore,  which 
should  be  firm,  coherent,  and  dark  colored,  even  almost  black 
sometimes,  and  which  should  crack  so  as  to  allow  the  clear  juice 
to  be  seen,  becomes  soft  and  of  a  yellowish  color  when  much 
lime  is  used. 

The  preceding  description  and  discussion  of  the  process  of  de- 
fecation of  beet  juice  extracted  by  the  usual  method  of  rasping  and 
pressure,  is  equally  applicable  to  the  same  operation  as  performed 
upon  the  solution  of  that  juice  obtained  by  the  process  of  macera- 
tion in  cold  water,  and  which  solution  is,  chemically,  similar  to 
the  expressed  juice.  But  when  the  process  of  maceration  in  hot 
water  is  employed,  a  solution  is  formed  which  contains,  as  already 
stated,  a  small  proportion  of  albumen,  but  a  large  quantity  of  pec- 
tine;  defecation  then  becomes  extremely  difficult,  for  the  feculen- 
eies  are  soft,  and  do  not  collect  readily  into  a  scum.  They  of 
course  consist  chiefly  of  pectate  of  lime,  with  a  sm^ll  and  insufii- 
cient  quantity  of  coagulated  albumen.     Owing  to  this  trouble,  and 
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also  to  the  disadvantage  that  warm  aqueous  solutions  of  beet  juice 
ire  yery  apt  to  ferment,  maceration  in  hot  water  has  been  gene- 
rally abandoned  by  those  who  have  attempted  it;  and  Consequently 
the  knowledge  o(  the  ehemical  phenomena  which  occur  in  the  de- 
fecation of  such  solutions  is  very  limited  and  unsatisfactory. 

86.  Attempts  have  been  made  to  substitute  other  substances  for 
the  lime  and  sulphuric  acid  used  in  the  defecation  of  beet  juice.  Of 
these,  sulphate  of  lime  (plaster-of-Paris)  has  been  strongly  recom- 
mended by  M.  Braconnot,but  it  has  not  been  sufficiently  tried  on  a 
IlLfffe  scale  to  permit  a  just  opinion  to  be  formed  of  its  value  for 
rtich  a  purpose.  Sulphate  of  zinc  defecates  readily,  but  its  use 
is  attended  with  great  danger, being  poisonous  in  large  and  an  emetic 
in. small  quantity.  So  also  sugar  of  lead  defecates  well,  but  is  a 
riolent  poison.  Such  substances,  therefore,  cannot  be  used  with 
any  propriety.  Common  alum  seems,  however,  to  have  given  fa- 
vorable results  if  employed  in  small  quantity,  and  in  connexion 
with  lime.  ^ 

S7.  Very  lately,  much  has  been  said  in  France  of  a  process  fol- 
lowed by  M.  Bouch^,  by  which  he  has  been  enabled  to  make  white 
in^r  equal  to  refined  directly  from  beet  juice.  Part  of  this  pro- 
cess is  defecation  with  alum  and  lime,  which  is  thought  to  be  a 
ffrcat  improvement;  for,  by  diminishing  the  quantity  of  lime  used, 
It  prevents  the  injurious  effects  and  the  disagreeable  taste  caused 
by  the  lime.     M.  Bouch^  employs  a  solution  of  alum,  in  the  pro- 

[lortion  of  one  and  a  half  grammes  (22  5  grains)  of  %Ium  to  each 
it^e  (1.76  pint)  of  beet  juice.  He  pours  it  into  the  boiler  as  soon 
as. the  juice  has  attained  a  temperature  of  100°  or  105°  Fahrenheit, 
itirs  thoroughly  and  briskly,  and' continues  to  heat  the  liquor  until 
it  reaches  the  temperature  of  175^  or  180  Fahrenheit.  A  small 
ipaiitity  of  cream  of  lime  is  then  added,  and  the  mixture  well 
stirred.  When  ebullition  commences,  the  fire  is  checked;  and  after 
a  repose  of  five  minutes,  a  dense,  firm  scum  is  removed. 

,28.  The  mode  of  extracting  the  juice  absorbed  by  and  removed 
wjth  the  scum  in  skikuming  the  defecators  is  to  submit  it  to  pres- 
sure in  a  lever  press,  (see  plate  1,  fig.  6;)  which  is  not  only  the 
simplest  kind  of  press  which  coiUld  be  made,  but  also  the  most 
convenient,  as  it  acts  censtantly  and  does  its  work  without  requir- 
ing any  attention  after  supplying  it  with  material.  The  juice  thus 
saved  is  mixed  with  the  rest  of  the  defecated  liquor. 

If  by  the  .above  described  operation,  called  by  the  beet-sugar 
naakers  defecation^  the  end  designed  were  perfectly  attained,  to  wit, 
the  complete  separation  from  beet  juice  of  all  impurities  or  fecu- 
lencies,  then  nothing  would  remain  to  be  done  to  obtain  the  sugar 
properly  but  to  filter,  decolorize,  and  evaporate  the  juice. 

So  obstinately,  however,  does  beet  juice  retain  or  combine  with 
its  impurities,  that  even  after  defecation  it  is  still  requisite  to  sep- 
arate much  from  it.  To  do  this  a  further  operation  is  usually  per-^ 
formed,  which  has  received  the  name  o{  clarification. 
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AXihough ,  defecation  tLuA  clarification  haye  bat  a  single  object | 
to  separate  the  impurities  combined  with  beet  juice,  and-thereforc 
constitute  and  may  be  considered  one  operation,  if  we  regard  onlj 
the  chemical  effect  produced;  still/as  they  are  performed  separately, 
and  upon  the  same  juice  at  different  times  and  degrees  of  density, 
clarification  even  being  proceeded  in  the  order  of  the  manipulations 
by  filtrations  and  partial  evaporation,  they  are  usually  treated  of 
in  works  on  the  manufacture  of  beet  sugar  as  entirely  distinct  ope- 
rations. Chemically  they  are  one,  though  mechanically  two.  la 
the  art  of  refining  sugar,  they  are  usually  confused  together  under 
the  sinc^le  name  of  clarification.  In  the  manufacture  of  cane  sugrr, 
defecation  only  is  practised.  Hence  I  have  seen  fit  to  comprise 
these  two  operations  under  one  head  or  division  of  the  general 
subject  of  the  sugar  industry. 

Great  diversity  of  practice  exists  among  beet-sugar  makers  with 
reference  to  the  operations  succeeding  that  of  defecation.     Filtra^' 
tion,  for  instance,  is  generally  performed  two  or  three  successive 
times;  a  few,  however;,  do  it  but  once.     Some  filter  immediately 
after  defecation;  others  at  10®,  15®,  or  27°  Beaum6.     Some  use  fil- 
ters of  cotton  cloth;   others  filters  of  coarsely  divided  boneblack; 
the  most  general  order  or  routine  of  operations  being  defecatioiii ' 
filtration,  evaporation  to  15®  Beaum6;  2d  filtration,  evaporation  to 
27®  Beaum^,  clarification;  3d  filtration,  concentration;  by  which  it 
appears  that  if  we  would  classify  the  operations,  and  treat  of  those 
together  which  are  similar,  we  must  violate  somewhat  the  order  in 
which  they  usually  succeed  each  other  in  performance. 
•• 

29.  Clarification, — However  perfectly  the  defecation  may  be  per- 
formed and  however  limpid  the  filtered  juice  may  become,  it  still 
contains  dissolved  compounds  of  Jime,  which  separate  as  insoluble- 
matter  during  the  evaporation  by  heat  to  which  the  juice  has  to  be 
subjected.  We  cannot  account  for  this  by  supposing  the  precipi- 
tated !:.dtter  to  have  been  simply  held  in  solution  by  the  evapora- 
ted water,  for  it  is  not  dissolved  again  by  restoring  the  water.  Nor 
is  the  hypothesis  satisfactory  which  has  been  suggested,  that  in 
evaporation  new  combinations  take  place,  which  become  insolubljB 
by  the  force  of  cohesion.  Obscure  as  the  chemical  theory  of  this 
separation  may  be,  the  fact  is  nevertheless  unquestionable.  In 
consequence  of  it,  the  concentrated  juice  is  mixed  with  fine  insolu- 
ble particles,  which  must  be  removed  either  by  filtwtion  or  clarifi- 
cation; for  they  would  require  a  long  time  to  subside  if  left  sim- 
ply to  repose, 

30.  The  operation  of  clarification  is  performed  usually  as  fol- 
lows: bullock's  blood,  in  quantity  equal  to  about  one  half  of  one 
per  cent,  of  the  concentrated  sirup  by  measure,  is  thoroughly 
stirred  into  the  sirup,  which  weighs  27^  or  32®  Beaum6,  so  as  to' 
diffuse  the  albumen  of  the  blood  uniformly  through  the  whole; 
from  one  to  two  kilogrammes  per  hectolitre  of  sirup  (one  to  two 
pounds  for  ten  gallons)  of  fine  animal  charcoal  are  then  added; 
and  beat  beiag  applied,  the  mixture  is  stirred  until  it  attains  the 
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temperature  of  130°  to  140^  Fahr.;  the  stirring  then  ceases.  If 
the  heat  is  properly  managed,  the  albumen  soon  coagulates  and 
risei' to  the  top  as  a  scuin,  oringing  with  it  the  boneblack.  When 
elkullition  cbmmiences,  the  heat  is  checked.  The  liquor  will  be 
perfectly  clear  if  neither  alkaline  nor  acid.  If  lime  has  been  used 
in  excess,  it  will  be  alkaline;  and  if  fermentation  has  taken  place, 
it  may  be  acid.  Jn  either  of  these  events,  albumen  will  remain  in 
solution,  and  will  render  the  sirup  impure.  An  acid  liquor  should 
nerer  be  clarified  without  first  neutralizing  the  acid  with  lime;  and 
therefore  the  sirup  should  alwajs  be  tested  beforehand  with  litmUs 
paperj  to  ascertain  whether  it  be  perfectly  neutral.  The  albumen 
which  is  dissolved  by  an  alkaline  sirup  separates  as  a  scum  in  the 
subsequent  concentration  and  granulation. 

After  the  introduction  of  Dumont's  filters,  and  the  use  of  coarse 

Sranuldr  boneblack  as  an  agent  not  only  of  filtration,  but  also  of 
ecolorization  and  purification,  most  of  the  manufacturers  of  beet 
sagar  abandoned  the  process  of  clarification.  But  many  have  re* 
samed  it;  for  the  reason  that,  when  sirups  refuse  to  granulate,  fine 
boneblack  causes  them  to  do  so.  Coarse  boneblack  would  produce 
the  pame  effect,  but  it  must  be  used  in  great  quantity;  while  a  very 
small  quantity  of  fine  boneblack  answers  the  purpose,  the  reason  of 
whiph  is  not  understood.  Besides,  the  fine,  boneblack  (being  sup- 
plied by  sifting  the  coarse  in  revivification)  would  be  a  refuse  ar- 
ticle, unless  .used  for  clarification;  and  its  employment  is  therefore 
economical. 

'  Some  manufacturers  of  beet  sugar  employ  milk  instead  of  blood 
for  clarification.  But  as  heat  alone  does  not  cause  milk  to  coagu- 
late, the  sirup  must  either  be  rendered  alkaline  by  lime,  or  slightly 
acid  by  dilute  sulphuric  acid,  to  obtain  a  proper  clarification; 
neither  of  which  agents  can  be  employed  without  injury  to  the 
sugar. 

31.  Defecation  of  cane  juice.  While  the  beet-sugar  industry  has 
had  great  difficulties  to  contend  with  in  the  very  impure  nature  of 
the  juice  employed^  it  yet  has  received  in  France  every  facility  and 
advantage  which  the  science,  intelligence,  and  fostering  care  of  a 
powerful  and  enterprising  nation  could  afford.  On  the  other  hand,. 
the  cultivation  of  the  cane,  and  the  art  of  extracting  sugar  from  it, 
seem  almost  to  have  been  left  for  centuries  te  the 'management  of 
the  ignorant  and  stupid  negro.  Nature,  however,  in  the  abundant 
growth  of  tropical  climates,  and  a  juice  of  great  comparative  purity 
and  richness,  favors  the  cane  with  advantages  which  more  than 
compensate  for  the  rudeness  of  the  processes  followed.  Thus,  in 
these  two  similar  and  rival  industries,  we  behold  science  overcom- 
ing obstacles  imposed  by  nature,  and  contending  with  indolence 
favored  in  every  respect;  so  successfully,  also,  that  of  late  years 
the  French  government  has  seen  fit  to  remove  the  privilege  of  ex- 
emption, and  to  tax  the  manufacture  of  beet  su^ar,  thereby  placing 
it  on  an  equality  with  their  colonial  sugars  paying  duty. 

Id  nothing,  perhaps,  is  the  contrast  between  the  beet  and  the 
cane  fugar  manufactures  more  striking  than  in  the  opecjBition  oi 
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defecation,  as  performed  usually  in  each.  Caution,  care,  and  skill 
distinguish  the  one;  while  carelessness  and  mismanagement  pervade 
the  other.  Essentially  a  chemical  process,  and  therefore  requiring 
some  knowledge  of  the  composition  and  properties  of  cane  Juice 
fpr  its  correct  and  intelligent  performance,  little  or  nothing  can  or 
should  be  expected  if  it  be  left  entirely  to  the  care  of  negroes  or 
of  ignorant  white  men.  Some  of  the  more  intelligent  planters,  how- 
ever, superintend  and  direct  in  person  the  operations  of  the  sugar- 
bouse;  a  practice  which,  though  laborious,  especially  at  ni^ht,  is 
yet  often  indispensable  if  they  would  look  properly  to  their  own 
interests. 

32.  Lime  is  generally  the  only  a^ent  of  defecation  employed. 
Care  should  be  taken  that  it  be  used  neither  in  excess  nor  in  de- 
ficiency. But  to  determine  the. proper  quantity,  experiments  on  a 
small  scale  are  tried  only  by  a  few;  the  results  of  working  being 
generally  the  means  of  judging  whether  the  amount  employed  at 
any  time  was  correct.  A  practice  so  loose  is  of  course  attended 
with  constant  uncertainty  and  frequent  injury  to  the  sugar. 

To  measure  the  quantity  of  slacked  lime  for  defecation,  a  small 
wooden  box  or  trough  is  used  by  some;  it  is  ope  foot  in  length,  and 
four  inches  both  in  height  ^nd  breadth,  being  divided  from  inch  to 
inch  by  grooves,  into  which  a  slide  slips.  Each  division  therefore 
corresponds  to  sixteen  cubic  inches.  Rough  as  the  above  contri- 
vance is,  it  has  the  advantage  of  rapid  measurement,  and  6ven  for 
accuracy  is  infinitely  preferable  to  the  rough  scales  and  weights 
sold  in  the  shops. 

The  proper  dose  of  lime  varies  with  the  nature  of  the  cane  and 
the  country;  juice  from  perfect  canes  requiring  less  than  that  of 
immature,  or  such  as  are  otherwise  of  inferior  quality. 

In  Louisiana  and  the  French  islands,  the  juice  is  permitted  to 
flow  from  the  mills  into  large  shallow  wooden  tanks,  or  receivers; 
the  pieces  of  cane  trash,  and  other  mechanical  impurities,  being 
separated  in  part  from  it  by  passing  through  sieves.  In  these  re- 
ceivers it  is  allowed  to  stand  quietly  ifor  a  while,  and  it  is  then 
drawn  off  carefully,  so  as  to  leave  in  the  receiver  the  dirt  which 
may  have  separated  from  it,  either  as  a  scum  or  by  precipitation. 
It  passes  to  the  first  and  largest  evaporating  pan,  called  the  grandij 
where  it  receives  the  lime  intended  for  defecation,  and  is  heated 
until  the  thick  scum  which  rises  to  the  surface  cracks,  and  ebulli- 
tion is  about  to  take  place.  The  scum  is  then  removed  by  skim- 
ming, and  the  juice  is  rapidly  dipped  out  with  large  copper  ladles, 
and  poured  into  the  next  pan,  or  boiler,  called  the^amfteaw.  .  The 
lime  is  introduced  by  first  mixing  it  into  a  thin  paste  with  two  or 
three  gallons  of  the  juice. 

If  the  juice  thus  defecated  be  light  colored  and  transparent,  and 
rea^dily  throws  up  in  the  flambeau  the  remaining  feculencies  which 
are  mixed  with  it,  the  operation  is  supposed  to  have  been  properly 
performed.  But  if  the  juice  be  dark  colored,  has  a  disagreeable 
alkaline  flavor,  and  boils  in  a  peculiar  manner,  the  lime  is  sup- 
posed  to  be  in  excess;  while  slimy  feculencies  adhering  to  the 
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pan,  &c.,  indicate  deficiency.  The  feculencies  which  separate  in 
the  Jtambeau  are  carefully  and  inces^ntly  remored  by  skimming 
them  back  into  the  grander  and  the  sciim  which  was  taken  from 
the  latter  is  thrown  away,  the  clear  juice  which  drained  from  it 
beings  added  to  the  next  charge.  If  lime  has  not  been  used  in  suf- 
£ctent  quantity  at  first,  it  is  added  in  the  flambeau. 

33.  In  the  islands  of  Cuba  and  Jamaica  the  practice  is  somewhat 
different,  and  probably  preferable.  The  juice  flows  from  the  mill 
into  large  wooden  tanks,  as  in  Louisiana,  but  passes  from  these 
into  the  •^clarifiers,"  "racking  coppers,"  or  "cracking  coppers,"  as 
they  are  variously  called.  These  clarifiers  are  large  rectangular 
and  aballow  copper  vessels,  about  ten  feet  or  more  in  length,  five 
or  six  feet  in  breadth,  and  about  twenty  inches  in  depth,  usually 
placed  over  the  flue  of  the  furnace,  that  the  heated  air  and  fumes 
may,  before  passing  up  the  chimney,  heat  the  juice  in  the  clarifier, 
but  never  to  the  temperature  of  boiling,  or  212"*  Fahrenheit. 
Trains  of  pans  so  arranged  with  clarifiers  are  usually  known  as 
Jamaica  trains.  As  one  fire  is  made  to  answer  successively  for 
four  evaporating  pans,  and  the  furnace  is  so  constructed  as  to  con- 
centrate the  heat  upon  them,  it  follows  that  it  is  only  the  waste- 
heat  which  supplies  the  clarifiers,  an^i  consequently  that  their  use 
is  attended  with  economy  of  fuel.  Besides,  as  the  juice  is  allowed 
to  stand  quietly  in  them  for  a  time,  and  the  feculencies  to  collect 
together,  after  which  the  clear  liquor  is-  drawn  off  carefully  by 
means  of  a  syphon,  or  stopcock,  it  is  thought  that  the  employment 
of  clarifiers  may  be  attended  with  the  advantage  of  a  more  perfect 
separation  of  the  feculencies  than  can  be  produced  if  the  operation 
of  defecation  be  performed  in  the  grandty  In  which  the  Juice  often 
boils  before  the  scum  is  removed,  causing  the  feculencies  to  be  dis- 
persed somewhat  through  the  liquor. 

Yet  it  is  very  questionable  whether  vessels  so  shallow  as  the 
clarifiers  admit  of  decantation  of  clear  liquids  from  feculencies  so 
light  as  those  ol  the  cane  juice  without  even  mOre  admixture  of 
feculencies  than  ever  occurs  in  the  French  mode  of  defecating  in 
the  grandtj  from  the  cause  above  mentioned.  Considered,  how- 
ever, as  mere  receivers,  or  tanks,  in  which  the  juice  is  kept  for  a 
while,  and  allowed  to  clarify  in  part,  if  not  perfectly,  so  as  to 
lessen  the  amount  of  impurities  to  be  removed  in  the  grandij  these 
clarifiers  are  certainly  very  useful  appendages  to  the  train  of  evap- 
orating pans;  for  the  heat,  while  it  removes  a  large  portion  of  the 
feculencies  by  coagulating  much  of  the  albumen,  is  also  usually 
sufficiently  high  (about  150^  lo  180^  Fahrenheit)  to  check  or  pre- 
vent fermentation. 

If,  instead  of  vessels  of  large  surface  and  but  little  depth — a 
shape  usually  adopted,  I  presume,  to  permit  of  more  extended  ap- 
plication of  the  heat  of  the  flue-r-cylindrical  vessels  of  considera- 
ole  depth  and  less  diameter  were  substituted,  these  would  permit 
the  clear  liquid  to  be  drawn  off,  and  the  scum  to  be  removed  by 
skimmingi  with  great  readiness;  they  could  not;  however,  be  heated 
in  tbe  same  manner  as  those  in  use. 
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34.  The  lime  is  added  by  some  in  the  clarifiers;  by  otherSi  only 
in  the  grande  or  first  teachtj  as  it  is  called  in  the  English  colopiet; 
and  by  others,  in  both;  while  some  even  put  it  into  ajl  the  pans  or 
teaches,  except  the  battery  or  striking  teache.  In  Jamaica,  the 
dose  of  lime  employed  was  formerly,  according  \o  Bryan  Edwa^rdi, 
about  a  pint  in  powder,  after  slacking,  to  a  hundred  gallons.  Of 
late  years  it  is  stated  to  have  been  reduced  nearly  .to  one-third  of 
that  quantity,  and  with  decided  improvement  to  the  sugar  mana- 
factured.  In  Cuba,  the  amount  of  lime  used  for  defecation  rariea 
even  from  day  to  day,  with  the  caprice  of  the  ignorant  Spanish 
sugar  boilers  usually  employed;  and  this  delicate  point,' which  re* 
quires  so  much  care  and  skill,  would  be  perhaps  almost  as  well 
performed  as  by  them,  if  lime  were  scattered  about  the  sugar  pani^ 
and  allowed  to  be  blown  into  them  by  the  ^^inds.  - 

Of  late  years,  separate  clarifiers  heated  by  steam,  have  been  ased 
both  in  the  West  Indies  and  Lcfuisiana;  those  in  the  islands  are 
generally  defecators,  copied  closely  after  those  employed  in  th^ 
beet  sugar  works  of  France,  and  which  therefore  need  no  further 
description  or  discussion.  In  Louisiana,  a  less  costly  apparatus  has 
been  tried;  with  what  succes,  I  am  not  informed.  It  consists  of  a 
wooden  reservoir  or  vat,  lined  with  lead  or  copper,  and  hekted  by 
means  of  a  steam-pipe.  The  juice  being  heated  in  these  vats  to 
212'' Fahrenheit,  is  allowed  to  remain  quiet  for  a  while,  that  the 
feculencies  may  collect,  when  it  is  drawn  off  by  cocks,  -ifirough  a 
cloth  filter,  into  a  reservoir  or  into  the  grande  itself.  Although 
the  advantages  of  using  steam  are  great,  I  should  be  inclined,  in 
the  absence  of  information  with  respect  to  actual  results,  to  con- 
sider these  wooden  clarifiers  liable  to  two  great  objections:  first, 
that  they  cannot  be  readily  cleaned;  and,  secondly,  that  it  is  found 
extremely  difficult  and  even  almost  impracticable  in  the  arts  to 
make  vessels  lined  with  metal  and  soldered  together  which  will 
remain  perfectly  tight  if  subjected  to  frequent  and  great  changes 
of  temperature,  and  especially  such  as  are  connected  with  steam- 
pipes.  The  expansion  and  contraction  of  the  metal  loosens  the 
solder,  and  thus  causes  them  to  leak. 

35.  In  Jamaica,  a  small  quantity  of  a  solution  of  alum  is  often 
used  to  correct  the  effects  which  result  from  an  over-dose  of  lime. 
Thus  employed,  there  can  be  no  important  objection  to  the  use  of 
alum;  for,  while  it  leaves  in  solution  a  small  quantity  of  sulphate 
of  potash,  a  salt  which  is  inoffensive,  it  abstracts  the  excess  of 
lime  and  the  feculencies  which  were  united  with  it,  and  thus  ren-^ 
diers  them  soluble.  The  carbonate  of  potash,  in  the  form  of  lye, 
is  said  to  be  extensively  used  in  Brazil;  and  the  clayed  sugars  im- 

Eorted  from  that  country  are  considered  inferior  to  Havana  sugars, 
y  reason  of  the  injurious  effects  of  the  potash.  It  has  even  been 
stated  to  me  that  these  sugars  contain  potash  in  sufficient  quantity 
to  render  the  mouth  sore  if  they  be  employed  for  household  pur- 
poses; but  I  must  confess  that  neither  I,  nor  others  to  whom  I  have 
submitted  specimens  for  chemical  analysis,  were  able  to  detect  in 
them  siny  excess  of  potash  j  and  I  therefore  doubt  whether  Brtfil 
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ragarsare  as  alkaline  as  has  been  represented.  That  they  are 
noist  and  very  inferior  grain  is^  however,  undeniable.  In  Louisir 
inti  potash  or  lye  is  sometimes  employed  for  the  defecation  of 
rosted  cane  juice;  but  such  juice,  it  is  said,  becomes  clarified  by 
leat  alone,  and  if  so,  the  use  of  potash  is  not  only  unnecessary, 
>at  improper;  for  that  potash  renders  sugar  deliquescent  or  moist, 
ieims  to  be  the  result  of  long  and  extensive  experience.  Under 
behead  of  potash  we  should  also  place  the  ashes  df  certain  plants, 
O'which,  at  various  times  and  different  places,  peculiar  efficacy  as 
lefecating  agents  has  been  ascribed,  inasmuch  as  they  owe  their 
Dflu€fice  to  the  potash  they  contain. 

In  the  improved  method  of  M.  Dutrone  for  the  manufacture  of 
ugar — at  which  he  arrived  after  long  study,  and  many  experioients 
ipon  a  large  scale,  in  the  island  of  St.  Domingo,  before  the  mas- 
lacre  of  its  civilized  inhabitants — he  adopted  and  recommends  the 
;aptious  employment  of  very  dilute  sulphuric  acid,  or  of  cream  of 
artar,  to  neutralize  the  lime  which,  has  been  added  in  excess.* 
Lnd-  thus  he  anticipated  the  practice  pf  the  beet-sugar  makers  of 
""ranee  of  a  succeeding  generation. 

At  the  time  of  Dutrone,  the  applications  of  steam  to  the  arts, 
nd  especially  of  high  steam,  were  comparatively  unknown;  the 
leful  properties  of  boneblack  had  not  been  discovered,  and  the 
ci^nce  of  chemistry  had  made  little  progress,  for  it  had  just  com- 
ofenced  to  be  an  exact  science,  in  consequence  of  the  researches 
f  Lavoisier  and  his  contemporaries.  If  we  bear  the  fact  just  men^ 
ioned  in  mind,  the  celebrated  work  of  Dutrone  certainly  will  ap- 
lear  to  be  the  most  able  treatise  ever  written  on  the  culture  and 
lannfacture  of  sugar.  It  is  a  book  which  may  be  read  with  profit 
•y  every  planter:  in  it  he  will  find  the  errors  of  the  usual  process 
f  making  sugar,  which  to  this  day  remain  unchanged,  clearly  and 
orcihly  discussed;  though  the  chemistry  of  Dutrone  is  often  in 
rror,  and  is  generally  expressed  in  language  which  now  appears 
uaint.  Tnis  work  in  the  French  language  has  become  rare;  but, 
Q  the  English  language,  Mr.  Porter  has  furnished  a  book,t  much 
f  which  is  copied  from  that  of  Dutrone.  Had  Dutrone  lived  at 
l^C'  present  time  he  would  not,  however,  have  considered  his  own 
lethod  the  perfection  of  the  art  of  sugar-making.  The  use  of 
team  and  ofboneblack  would  have  been  regarded  by  him  as  indis- 
pensable improvements;  nor  would  he  have  caused  to  be  printed 
nd  published,  in  the  face  of  modern  science,  the  chemical  errors 
nd  obsolete  phraseology  to  which  his  commentator  has  unwisely, 
1  my  opinion,  seen  fit  to  adhere. 

36.  -Of  late  years,  some  of  the  planters  who  have  availed  them- 
elves  of  the  great  advantages  afforded  by  the  use  of  steam  for 
eating,  and  by  evaporation  in  vacuo,  have  also  employed  bone- 
lack  for  decolorization   and  clarification.     They  have   generally 

*See  Dutrone.  Precis  sur  la  Cannc,  et  sar  les  Moyons  d'en  extraire  le  Sel  £>seuticl,  pige 
S:  Paris,  1790;  also  Porter  od  thq  Sugar-cane,  page  109:  London,  J843. 

tThe  Nature  and  Properties  of  the  Suj;ar-cane,  by  Georjje  Richardson  Porter.  F.  R.  S, 
KTVipoading  member  ofthe  Institute  ol  Francej  2i  eiitior.:  London,  1843^ 
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employed  it  only  in  the  coarse,  granular  form,  afid  in  Dumont'^ 
filters,  as  described  in  the  sequl  of  this  report.  In  Louisiana,  on 
the  estate  of  Messrs.  Packwood  &  Benjamin,  the  use  of  boaeblacjc' 
filters  has.  been  thoroughly  tested,  and  with  entire  success.  I  men- 
tion this  fact  particularly,  because  I  have  been  told  that  some  very 
intelligent  planters  of  that  State  have  expressed  the  opinion  that 
Louisiana  cane  juice  cannot  be  filtered  readily  through  boneblack| 
by  reason  of  the  mucilage  it  contains.* 

In  the  principal  West  India  islands,  Frencli,  Spanish,  aQd  Eng- 
lish, on  estates  which  have  adopted  apparatus  for  boiling  in  vacuo^ 
bon^black  has  also  been  used.  In  the  Frciich  and  Spanish  islands 
the  apparatus  and  method  employed  are  generally  those  of  M.-  De- 
rosne.  The  juice  being  defecated  wMth  lime,  is  then  filtered  through 
honeblack,  which  removes  the  excess  of  lime  and  other  impurities 
of  the  juice.  The  defecators  are  precisely  similar  to  those  used'  in 
France,  and  the  method  of  manufacture  analogous  to  that  of  the 
beet-sugar  industry,  only  it  is  far  simpler.  The  jui^e,  owing  io  ils 
purity,  is  filtered  but  twice  through  the  boneblack;  and  it  is  then 
ready  ^o  be  evaporated  to  granulation.  In  Cuba,  Messrs.  Diago 
and  Ayestaran  have  employed  the  method  of  Derosne  with  great 
success  and  profit.  On  their  estate  near  Guin^s,  (the  Ingfnio  la 
^mistad^)  not  only  their  own  crops  have  been  by  them  manufac- 
tured entirely  into  Jlorete  white  and  yellow  sugars,  but  they  have 
purchased  the  inferior  sugars  of  tLeir  neighbors,  and  i;e.fined  them 
into  such  as  their  own.  The  specimens  of  sugar  I  obtained  and 
saw  manufactured  on  that  estate,  directly  from  cane  juice,  are 
equal  to  the  best  single-refiiied  of  the  United  States,  in  every  re- 
spect. But  these  results,  so  admirable,  are  certaitily  to  be  ascribed 
in  a  very  great  measure,  if  not  chiefly,  to  the  excellent  manaece;- 
ment  of  the  owners,  who  are  not  only  gentlemen  df  ample  fortune, 
bat  of  uncommon  enterprise  and  iatelligence.  For,  on  the  estate 
of  Don  Villa  Urutia,  near  Limonar,  the  adoption   of  Derosne's  ap* 

faratus  has  been  attended  with   great  misfortune  and  loss;  which, 
have  been  informed,  was  probably  owing  to  want  of  knowledge 
and  skill  in  the  management  of  the  boneblack. 

So  important  is  the  article  of  boneblack  to  the  sugar  manufac- 
turer, and  so  entirely,  almost,  in  my  opinion,  does  the'  success  of 
any  and  every  method  in  which  boneblack  may  be  employed  de- 
pend upon  the  economical  and  skilful  use  thereof,  that  I  h^^c  de- 
voted a  section  of  this  report  exclusively  to  that  subject.  Manu- 
factured, as  it  has  heretofore  been,  chiefly  in  Europe,  and  thence 
imported  at  high  cost  by  the  planter,  if  boneblack  be  wasted^  or 
much  impaired  in  quality,  heavy  loss  must  inevitably  ensue.  If 
properly  prepared  at  first,  howeve-r,  and  subsequently  revivified 
with  skill,  animal  charcoal  retains  its  properties,  and  may  be  used 
successfully  for  several  crops,  and  an  indefinite  number  of  times. 

^7.  Articles  of  a  gelatinous  nature,  such  as  the  extracted  mucil- 
age from  the  bark  of  the  theobruma  guarcima^  the  okra,  and  other 
plants,  have  been  used   to  some  extent  in  the. clarification  of  cane 
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juice,  and.as  substitutes  for  the  albumen  employed  for  claFificattoin 
bj  refiaers  and  beet-6ugar  itiakers.  But  while  the  latter  acts  bj 
coagalation,  and  collects  together  the  mechanical  impurities,  the 
formerf  haying  no  such  property,  id  of  very  doubtfuj  utility^  if  not 
iniurious.  And  if  filtration  be  perfariQed  in  any  mettiod  adopted, 
mixture  with  viscid  substances  is  certainly  productive  of  trouble, 
by  obstructing  the  pores  of  the  filters,  while  it  would  also  impede 
the  draining  of  the  sirup  or  molasses  from  the  sugar  when  granu- 
iated.  '  . 

As  albumen  in  the  fluid  and  uncoagulated  state  may  be  dried  at 
a  low  temperature,  and  subsequently  dissolved  in  water  without 
undergoing  any  change  of  properties,  M.  Derosne  has  prepared 
blSo4  by  drying,  in  France,  which  has  been  exported  to  and  used 
in  tde  colonies  for  clarification.  Cane  juice,  however,  contains  so 
little  foreigq  matter  comparatively  with  the  juice  of  the  beet,  that 
boneblack  may  be  used  alone  for  its  defecation  with  entire  success. 
.Besides  the  preceding  reageqts,  others,  such  as  sulphate  of  zincj 
acetate  of  lead;  etc.,  have  b^cn  experimented  with.  But  against 
theyuse  of  any' such  poisonous  substances  no  objection  pan  he  too 
•troDg.* 

The  chemical  theory  of  the  defecation  of  cane  juice  is  precisely 
similar  to  that  for  the  juice  ofthe  beet;  only  as  the  former  is  much 
the  purer,  it  is  more  readily,  defecated,  and  by  means  of  a  much 
smaller  dose  of  lime.  The  great/ert  part  of  the  albumen  in  cane 
juice  is  Coagulated  by  heat  algne,  while  the  remaining  portion,  like 
tbat  contained  in  beet  juice,  rjequires  lime  to  produce  coagulation. 
Hence  if  defecation  be  first  performed  in  part'  by  heat  alone,  the 
dose  of  lime  should  b^  even  much  le^s  in  quantity  than  otherwise 
might  be  used.  The  cane,  like  the  beet,  consists  chiefly  of  water, 
sugar,  albumen,  pectine,  woody  fibre,  salts  of  linie,  etc.,  etc.  Toe 
expressed  juice  contains,  besides  the  water  and  sugar,  mosv  of  the 
albumen  and  the  soluble  salts;  while  the  pectine  and  the  insoluble 
salts  remain  in  the  WQody  fibre  to  constitute  the  begassa.  Ao 
excels  of  Hme  is  injurious,  for  the  same  reasons  and  to  the  same 
extent,  in  the  defecation  of  cane  or  beet  juice;  and  every  precau* 
tion  to  prevent  such  excess  and  consequent  injury  is  requisite  alike 
for  both. 

38.  The  sugar  manufacturer,  especially  in  tropical  countries, 
should  exercise    constant    vigilance    to    prevent    fermentation,  to 

*  In  tbe  Soffar  Planters'  Manaal,  by  Evans,  London,  1847,  the  stilpbate  of  alumina,  de- 
composed by  toe  addition  of  lime,  is  mentioned  as  an  excellent  jagent  of  defecation. 

He  say|i:  '*  I  can  conceive  of  no  better  method  of  defecatinir  cane  juice  than  this.  The 
liquor  as  it  eeraes  from  the  filter  is  almost  colorless,  and  all  the  after  processes  to  which  it 
is  tolMiiitted  are  extremely  satisfactory.  I  have  produced  su^ar,  from  caee  juice  thus  acted 
opoo,  eqaal  in  color  to  tbe  Hnest  clayed  Havana,  and  possessin^r  a  sharp  and  sparkling  grain. 
Unittckilj,  tbe  sulphate  of  alumina  is  not  an  article. of  commerce." 

There  can  be  no  chemical  objection,  I  think,  to*  the  employment  of  sulphate  of  alumina 
witk  lime  for  defecation;  it  would  be  very  useful  to  correct  any  excess  of  lime;  and  the  only  * 
trooble  apparently  to  be  apprehended  frdrh  its  use,  apart  from  the  question  of  its  cost,  is  the 
profiable  formation  of  a  larger  sediment  or  crust  in  the  evaporating  pan,  unless  that)»e 
avoidtd  by  filtration. 

R.  S.  M, 
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which  all;  saccharine  juices  are  peculiarly  liable.  Every  vessel 
should  be  kept  as  clean  as  possible,  and  the  juice  should  never  be 
allowed  to  stand  for  any  length  of  time  in  a  state  favorable  to  fer- 
mentation. Fermentartipn  very  readily  takes  place  in  dilute  juice 
when. the  temperature  is  between  TC  and  150^  Fahr.  Hence  to 
apply  heat  immediately  to  the  expressed  juice,  first  for  defecation|- 
and  subsequently  for  concentration,  is  all  important..  And  the  use 
of  reservoirs,  such  as  are  employed  to  collect  and   hold   the  cane 

i'uice  as  it  flows  from  the  mill,  and  in  which  it  often  stands  for  an 
lOur  or  two,  is  attended  with  great  risk,  or  even  positive  loss.  By 
fermentation  cane  sugar  is  converted  into  an  uncrystalljzable  sugary 
which  polarizes  to  the  left;  and  this  change  is  produced  in  caae 
juice  wi^h  great  rapidity,  and  before  any  escape  of  carbonic  acid 
gas,,  froth,  or  other  external  signs,  occur  to  give  notice  of  the 
chis^nge  which  is  going  on.  Nbr  when  cane  sugar  has  thus  passed 
into  uncrystallizable  sugar,  does  it  seem  possible  to  restore  it  to  ^ 
ltd  original  state;  while  lime  with  fermenting,  juice  only  serves  to 
impart  a  dark  color  to  the  uncrystallizable  sugar,  instead  of  acting 
as  a  remedy.  .  ^ 

39.  In  Louisiana,  when  the  cane  has  beea  exposed  to  severe 
frost,  followed  by  warm  weather,  the  juice,  it  is  said,  becomes 
acid,  and  so  altered  that  it  is  impossible  to  make' sugar  from  it  ih 
the  ordinary  way.  In  defecation  it  becomes  mucilaginous  and 
ropy,  and  yields  not  a  particle  of  crystalline  sugar.  Do  not  the 
changes  of  temperature  cause  the  cellular  tissue  of  the  cane  to  be 
ruptured,  and  thus  bring  together  the  nitrogenous  matter  and  the 
saccharine  juice  under  circumstances  which  excite  viscous  or  lactic 
fermentation?  I  may  here  add,  that  duritig  the  last  year  excellent 
sugar  is  said  to  have  been  made,  by  Messrs.  Packwood,  Benja- 
min, and  Y.  Degruy,  by  the  use  of  Rillieu^c's  apparatus,  from  acid 
frosted  cane  juice,  which  by  the  ordinary  method  would,  it  is 
stated,  have  yielded  molasses  only.* 

Section  III. — On  fltration, 

1.  However  skillfully  the  operation  of  deferaiion  may  have 
been  performed;  however  faithfully  the  scum  may  have  been  re- 
moved by  skimmino;;  and  however  quietly  the  juice  may  have  been 
allowed  to  stand  after  defecation,  that  the  feculencies  might  in 
part  Collect  as  scum,  and  in  part  subside;  the  defecated  liquor, 
though  drawn  otf  with  extreme  care,  will  still  contain  a  portion  of 
the  impurities  floating  in  or  mechanically  mixed  therewith.  Hence 
filtration  is  absolutely  necessary,  if  the  manufacturer  would  pro- 
duce a  perfect  article.  And  if.  by  evaporation^  dissolved  matters 
become  free  and  insoluble,  as  is  the  case  with  beet  juice,  then  fil- 
tration must  be  repeated  even  several  times. 

As  employed  in  the  sugar  industry  of  the  world,  filtration  is  either 
sijpple  and  designed  solely  to  accomplish  the  object  above  stated,  or 


•See  Appeudix,  iiot.e  F^ 
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complicated  by  reason  of  the  useof.  boneblack,  not  only  as  a' filter 
to  remove,  n^eohanical  impurities,  but  also, as  a  chemical  ^genl  tt> 
separate  Substances  chemically  united  with  the  saccharine  juice^ 
fuch  as  coloring  matter,  lime,  etc.  The  filter  of  M.  Dumont,  who 
first  introd/Qced  boarse  boneblack,  and  to  whom  the  beet  sugar  man- 
ufacture is  therefore  indebted  for  perhaps  the  greatest  improve- 
ment which  has  taken  place  therein,  is  probably  the  best,  as  well 
as  the  most  generally  known  and  thoroughly  tried,  of  boneblack 
filters.  Simple  filters  are  made  of  various  ^inds  of  cloth,  and' of 
these  the  *^bag  filter,"  invented  by  Taylor,  and  the  "leaf  filter," 
invented  and  patented  by  J.  S.  Levering,  are  probably  the  most 
■  perfect. 

2.  The  bag  filters  of  Taylor  gre  composed  usually  of  a  number 
of  long  and  narrow  cotton  sacks,  closed  except  at  one  end,  which 
is  left  open  that  thiey  may  each  receive  a  conical  tube,  through 
which,  the  juice  tt)  be  fiHere<l  enters  the  bag,  and  upon  which  they 
are  tightly  fastened  by  means  of  a  sliding  ring.  The  whole  is  ar- 
rang-ed  in  a  wooden  box,  composed  of  a  ^  reservoir  ,  above  to  hoFd 
the  juice,  into  the  bottom  of  ^fifhich  the  tubes  of  the  filters  are  in- 
serted, and  of  a  chamber  below^  in  which  the  bags  are'  suspended, 
and  which  receives  the  filtered  juice.  This  chamber  open^s  readily, 
that  the  bags  may  be  removed  and  cleaned.  For  a  further  descrip- 
tion of  Taylor's  filter,  see  plate  I^  figs.  1,  2,  3,  4,  and  the  explana- 

.  tory  text. 

The  filter  of  Taylor,  by  reason  of  thefolds  of  the  bags,  has  the 
advantage  of  a  very  large  l&ltering  service,  but  the  disadvantage 
that  it  soon  clogs  if  the  amount*  of  impurities  to  be  removed,  be 
great;  in  which  case,  the  bags  must  be  removed  ahti  washed. 

The  bags  must.be  made  of  cotton,  for  woollen,  cloth,  it  has  been 
found,  is  destroyed  rapidly' by  the  excess  of  lime  in  the  defecated 
juice.  This  lime  also  often  encrusts  the  cotton  bags,  as  a  carho- 
nate,  and  impairs  their  filtering  power.  For  this  trouble,  M. 
Dubruniaut  has  recommended  and  used  sucqessfuliy  very  dilute 
muriatic  acid,  which  decomposes  and. dissolves  the  crust  entirely 
without  injury  to , th'e  cloth.  After  which,  the  filter  must  be 
thoroughly  washed  with  water  to  remove  the  acid.  Vinegar  may 
be  substituted  for  murisitic  acid  where  it  is  sold  or  made  more 
economically,  and  the  cane  sugar  planter  may  manufacture  it' for 
the  purpose  from  molasses. 

3.  The  leaf  filter  J  patented  by  J.  S.  Lovering,  is-  composed  of  a 
series  of. 'cotton  bags  stretched  over  thin  quadrangular  frames, 
which  keep  the  sides  of  tlie  bags  apart,  and  cause  them  to  present 
a  smooth  even  surface  instead  of  folds,  thus  greatly  facilitating  the 
operation  of  cleaning  when  it  has  to  be'performecK  These  frames 
«re  arranged  side  by  sxdt,  in  a  box,  and  the  juice,  which  filters  from 
without  inwards,  escapes  by  a  hdle  ill  the    bottom    of   the   frame. 

.Tjie  juice  is  poured  into  th6  box  outside  df  the  frames,  and  the 
filter  therefore  is  not  clogged  by  impuritiesas  readily  as  Taylor's 
filler;  in  consequence  of  Svhich,  it   works  moiK  iap\dl^^^Xi4  ^5;^^% 
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not  require  to  be  cleaned  so  often.  Filters  somev^hat  similar  to- 
the-above  hare  also  been  introduced  into  the  refineries  of  ^C^ne^aBd 
and  France.  They  have  long  been  used  by  Mr.  Lovering  with  the 
most  satisfactory  results. 

4/  The  filter  Dumont.  After  boneblack  in  fine  powder.had  been 
introduced. into  use  by  MM.  Derosne  and  Payen  for  defecation  and 
d^colorization  only,  M.  Dumont  sought  to  Employ  it  also  for  fil- 
tration, and  to  this  end  invented  his  celebrated  filter;  in  the  United 
States  often  erroneously  called  the  Derosne  filter.  It  consists  of 
a  woeden  box,  in  form  of  a  four-sided  truncated  pyramid,  with  a 
double  bottom.  The  inner  bottom  is  a  metallic  plate,  pierced  with 
numerous  holes;  upon  it  a  cotton  cloth  is  laid^  and  coarse  grained 
animal  charcoal,  moistened  with  water,  is  then  spread  lay^r  by 
layer;  each  layer  beinjr  rendered  of  uniform  thickness,  arid  packed 
or  pressed  closely  together,  by  means  of  a  sort  of  trowel.  When 
the  boneblack  has  thus  been  formed  into  a  cotopaQt  beef  or  stratum 
of  about  fifteen  to  eighteen  inches  in  thickness,  and  within  five  to 
ten  inches  from  the  top  ot  the  box,  it  is  covered  with  another  cot- 
ton cloib^  and  anothermetallic  plate  pierced  with  holes.  The  ob- 
ject of- the  second  cloth  and  metallic  coyer  is  to  collect  any  sub- 
stances which  would  otherwise  obstruct  the  interstices  of  the  su- 
perior stratum  of  the  bt^neblack — an  inconvenient  accident.,  which 
is  easily  prevented  by  the  use  of  su(:h  a  cover;  and  this  cover  is 
readily  changed  for  another  should  it  become  itself  obstructed. 

It  is  important^  to  avoid  fatse  passae;es,  that  the  juice  should  be 
constantly  at  the  jame  level  of  about  3  or  4  inches  above  the  Cover 
of  the  boneblack.  This  is  accomplished  by  means  of  a  self-regu- 
lating cock.  The  filter  will  be  belter  and  fully  understood  by  re- 
rerence  to  plate  I,  fig.  5,  and  the  accompanying  explanation. 

To  facilitate  the  action  of  Dumont^s  filter,  the  boneblack  .miist 
be  perfectly  free  from  fine  powderj  which  would  obstTUct  the  pas- 
sage of  the  sirup,  and  thus  retard  its  flow.  To  render  it  so,  it 
should  be  sifted  carefully  each  time  after  revivification.     Coarse- 

f rained  boneblack  may  be  revivified  an  indefinite  number  of  times 
y  a  red  heat;  and  if  a  small  portion  newly  made  be  added  to  re- 
place the  lo£s  in  fine  powder  when  sifted,  it  will  last  for  a  long 
time  without  needing  any  further  treatment.  The  fine  boneblack 
should  be  used  in  clarification. 

By  the  beet-sugar  makers  it  is  thought  best  not  to  give  to  Du- 
mont's  filter  a  larger  size  than  one  cubic  yard,  because  they  thus 
become  diflicult  to  clean  and  recharge,  and  impede  the  operations. 
There  is  less  loss  of  time  and  the  filtration  take^  place  more  ra- 
pidly with  a  number  of  small  filters,  than  with  one  large  one.' 

In  the  West  Indies,  Nl.  Derosne  has  introduced  for  the  filtration 
of  cane  juice,  filters  of  boneblack  of  much  larger  size  than  those 
of  M.  Dumont.  They  are  made  of  boiler  iron,  are  cylindrical  in 
shape,  and  their  dimensions  are  about  eight  or  ten  feet  in.  height, 
and  four  or  five,  in  diameter.  Such  filters  have  also  been  used  by 
refiners.  They  have  the, advantage  over  small  filtexs  of  filtering 
more  rapidly^  in  consequence  of  the  pressure  of  the  liquid,  but 


S31  [50] 

tbey  ftte  less  readily  charged  and  cleaned.  While,  therefore, tthese 
filters  tnay  b^  used  for  cane  juice,  or  by  refiners,  they  cannot. prob- 
ably be  employed  by  beet-st^ar  manufacturers,  in  consequence  of 
the  greater  amount  of  feculencies  contained  in  the  beet,  and  the 
•considerable  excess  of  lime  in  the  defecated  juice. 

5.  The  filter  Peyron  is  another  form  of  metallic  filter,  to  be  used 
like  tha^  of  Dumont,  with  coarse  boneblack  both  for  filtration  and 
deelorization.  It  is  intended,  however,  to  act  continuously,  and 
without  renewal  of  the  boneblack.  This  filter  is  cylindrical,  in 
height  two  and  a  half  metres,  and  in  diameter  one  metre.  The 
top  is  closed  .with  a  perfectly  tight  cover,  and  the  vacant  space  of 
the  double  bottom  communicates  by  a  tube  and  cock  with  the  top 
of  a  second  and  smaller  filter,  so  that  the  sirup  which  ha^  filtered 
through  the  first  passes  thr6ug:h  the  second,  from  which  in  like 
Banner  it  proceeds  through  a  third.  The  closed  top  permits  the 
vse  of  hydrostatic  pressure  to  increase  the. rapidity  of  filtration, 
and  the  juice  enters  the  first  filter  for  that  purpose  by  a  tube  from 
a  reservoir  above.  The  double  bottom  of  each  filter  of  the  series  is 
also  provided  with  another  outlet  and  stopcQck,  to  permit  the  fluid 
•ontents  to  be  drawn  off  at  any  time,  if  desired. 

The  fillers  of  Peyron  are  charged,  like  those  of  Dumont,  with 
coarse  boneblack,  carefully  compressed  in  layers,  after  which  the 
fine  powder  is  w^ashed  out  thotough'ly  with  water;  and  when  this 
flows  perfectly  clear,  the  sirup  is  allowed  to  pass  into  the  .filter, 
and  to  remove  the  water  by  displuc^ment.  As  soon  as  the  water 
which  escapes  from  the  double  bottom  is:sweet  to  the  taste,  it  is 
collected  in  the  reservoir,  to  be  evaporated*  After  the  sirup  ceases 
to  flow  freely,  hot  water  is  used  to  displace  that  portion  absorbed 
by 'the  bo.neblack;  and  as  soon  as  the  density  of  the  escaping  li- 
qurd  becomes  feeble^  it  is  no  Ipng^er  collected^  The  hot'water  is 
then  allowed  to -flow  through  the  filters  until  they  are  washed  per- 
fectly. Fermentation  soon  commences  in  the  filter,  by  reason  of 
th€  dilute  sirup  arid  nitrogenous,  impurities  absorbed  by  the  bone- 
black; and  after  twenty-four  hours,  when  the  fermentation  is  con- 
sidered complete,  and  the  impurities  taken  up  by  the^  boneblack 
are  thereby  destroyed,  the  filter  is  cleaned,  to  prepare  it  for  work 
a  second  time,  by  first  passing  through  it  for  half  an  hour  a. jet  of 
high  steam,  and  subsequently  washing  it  thoroughly  with  hot 
water. 

These  filters  were  invented  in  1837,  and  received  not  only  the 
favorable  consideration  of  the  Academy  of  Science  at  Marseilles^ 
but  also  the  praises  of  two  refiners,  one  of  Berlin,  and  the  other  of 
London,  who  adopted  them;  in  consequence  of  which,  they  were 
subjected,  in  the  refinery  of  M.  Bayvet  at  Paris,  to  a  fair  and  full 
trial,  hj  a  committee  of  the  Soci6te  d^EncouragementjVFhich  re- 
salted  in  their  being  con'demned.  What  was  the  cause  of  their 
failure  seems  not  to  have  been  determined  satisfactorily  by  the 
committee;  but  it  was  probably  owing  to  the  lime  taken  up  by  the 
boneblack,  and  which  fermentation  is  insufficient  to  remove;  for, 
if  a  weak  solution  of  sugar  ferments,  it  is  converted  first  iato  alco- 
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bol  and  carbonic, acid.  gas.  The  latter  would  unite  witkvthe  lime 
fo  form  an  insoluble  carbonate,  while  the  alcohol  is  cfaanffed  into 
acetic  acid  only  by  absorbing:  oxygen  from  the  ^slir^  whicn  is  ex- 
cluded in  great  measure  from  Peyron'^s  filter  by  its  tight  cover. 

6.  By  refiners  the  sirup  is  always  filtered  immediately  lifter  clar- 
ification. For  this  purpose,  in  the  old  method,  it  i^  strained ihrongh 
a  blanket  spread  over  and  sustained  by  a  basket— ^a  rude  con'tri- 
vance,  which  in  the  improved  method  is  replaced  either  by  Tay- 
lor's bag  filter,  or  the  leaf  filter. 

By  filtration  through  cloth,  the  grosser  mechanical  itDpurities  are 
separated*';  but  subsequent  filtration  through  coarse  bbneblack  is 
essential  to  remove  coloring  matter  and  any  excess  of  lime  which 
may  .have  been  used.  For  these  important  objects,  upon  which 
the  beauty  of  the  sugar  chiefly  depends^  Dumont's  filter,  or  better 
perhaps  the  large  filter  of  M.  Derosne,  should  be  and  is  employed. 
By  refiners,  boneblack  is  used  principally  as  a  decolorizing  agetijt: 
and  some  of  them,  who  add  it  in  fine  powder,  do  not  employ  a 
coarse-grained  article;  yet  so  long  as  lime  continues  to  be  used  for 
defecation,  animal  charcoal  seems  likely  also  to  be  found  indispen- 
sable for  separating' any  excess  which  may  remain  in  the  sirup, 
and  which,  if  there  be  even  a  slight  portion  of  glucose  therein, 
would  greatly  impair  the  color  unless  removed. 

7.  In  the  beet-sugar  manufacture  the  juice  is  .always  filtered  im- 
mediately after  defecation.  It  is  then  usually  evaporated,  to  15® 
Beaum6,  which  is  done  the  more  readily  in  proportion  as  the  defe- 
cation has  been  the  more  complete.  .  .During  this  evaporation  a 
calcareous  deposite  takes  place;  which,  if  it  settle  on  the  bottom 
of  the  pan,  encrust;?  it,  and  often  gives  trouble.  Most  of  the-man- 
ufacturers,  therefore,  throw  in  a  portion  of  fine  boneblack,  which 
hot  only  acts  niech^nically  to  protect  the  pan,  by  gathering  upqii 
itself  the  calcareous  sediment,  but  alsp  contributes  greatly  to  the 
purification  of  the.  juice.  After  this  concentration,  the  juice- is 
filtered  a  secbnd  time,  and  then  again  evaporated  to  about  27^ 
Beaume;  during  which  a  calcareous  sediment  separates,  but  in 
much  smaller  quantity  than  the  first.  From  this  sediment  the  sirup 
is  rendered  free  by  a  third  filtration;  after  which  it  is  evaporated 
tojgranulation. 

These  filtrations  are  all  usua'ly  performed  in  Dumonl's  filters, 
and  the  boneblack  is  used  rather  as  an  agent  to  correct  the  effects 
of  lime,  and  at  the  same  time  to  perform  the  mechanical  office  of 
filtration,  than  for  any  decolorizing  properties  it  possesses.  Indeed, 
decolorization  is  regarded  as  a  secondary  and  incidental  matter. 

8.  By. the  manufacturers  of  cane  sugar,  filtration,  though  ex- 
tremely important,  has  been,  and  is  at  present,  generally  neglected. 
After  defecation,  the  cane  juice  passes  from  pan  to  pan,  with  no 
other  attention  than  to  skim  off  such  feculencies  as  rise  upon  the 
frothy  surface  of  the  boiling  sirup;  and  when  once  the  juice  arrives 


233  [50] 

ID  the  battery,  no  matter  how  impure,  it  is  evaporated  to  the  strik* 
iDg  point.  Calcareous  dfeposites  form  upon  the  bottoms  of  the 
pans,  and  do  great  injury  by  interposing  a  non-conducting  substance 
between  the  heated  metal  and  the  liquor  to  be  evaporated;  in  con- 
sequence of  which,  the  juice  is  evaporated  slowly,  and  the  pan 
becoaies  heated  very  intensely  in  places,  which  exposes  the  metal 
to  rapid  oxydation,  and  often  burns  the  sugar. 

This  calcareous  sediment  should  be  removed  from  the  jiiice  by 
filtration,  and  fine  bonebiack  should  also  be  used  to  prevent  .the 
deposite  from  encrusting  the  evaporating  pan.* 

9.  If  carefully  defecated  cane  juice  be  filtered  through  bone- 
black,  and,  after  evaporation  to  21^  Beaum6,  it  be  filtered  again, 
the  coarse  bonebiack  employed  for  filtering  immediately  after  de- 
fecation being  such  as  had  already  been  used,  when  freshly  burnt 
or  revivified,  for  decolorizing  and  filtering  juice  of  27°  Beaume; — 
we  have  the  process  copied  -closely  after  that  of  the  beet-sugar 
makers,  and  recommended  by  M.  Derosne  as  the  method  to  bj&  fol- 
lowed in  the  use  of  the  improved  apparatus  he  has  constructed. 
The  re;sults  obtained  by  this  process  in  the  West  Indies  leiave  noth- 
ing to  be  desired  with  reference  either  to  the  quality  or  the  color 
of  the  sugar  when  the  evaporation  is  performed  by  means  of  D6- 
grand's  vacuum  pan  and  condensing  tubes. 

With  open  steam  pans  for  evaporation,  fine  bonebiack  might  be 
used  with  advantage;  and  if  the  juice  be  permitted  to  flow  direetly 
into  the  defecator  to  prevent  fermentation,  and  then  ^o  proceed  un- 
interruptedly and  promptly  from  operation  to  operation,  filtering 
through  bonebiack  after*  defecation;  next  evaporating  with  fine 
bonebiack  and  by  steam  to  27°  Beaum6,  then  filtering  again  through 
fresh  bonebiack  in  grains;  and,  lastly,  evaporating  by  steam  to  the 
itriking  point,  I  do  not  doubt  that,  with  good  cane  juice,  excellent 
sugar  may  be  thus  made.  The  process  is  that  of  the  beet-sugar 
manufacture  of  France,  and  it  certainly  involves  far' less  outlay  of 
capital  than  is  required  by  the  very  expensive  apparatus  of  De- 
rosne. Perhaps  Taylor's  filters,  or  the  leaf  filter,  may  be  advan- 
tageously substituted  for  the  boneblacl^filter  in  the  first  filtration; 
cloth  fillers  being  the  best  adapted  for  the  removal  of  mechanical 
impurities,  while  bonebiack  is  requisite  for  decolorization,  and  as 
a  remedy  for  excess  of  lin^e. 

10.  It  is  somewhat  singular  that  the  planters  of  the  cane  have 
not  generally  used  filters,  at  least  of  a  rude  sort — something  analo- 
gous to  the  blanket  and  basket  arrangement  of  the  old  refiners;  and 
the  more  so,  because  they  are  well  aware  of  the  calcareous  deposite, 
or  crust,  which  falls  upon  and  adheres  to  the  bottoms  of  the  evap- 
orating pans,  and  which  sometimes  gives  considerable  trouble. 

Dutrone  seems  to  have  fully  understood  the  importance  of  filtra- 
tion.    He  sajs:f  ''After  having  ascertained  the  absolute  impossi- 


*  See  Appendix,  Note  G. 
tSee  Dotrone  Precis  Sar  la  Canne,  p.  157. 
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bility  of  remoring  eotirely^bj  skimming,  both  the  feculencies 
which  are  proper  to  the  exptessed  jaice  and  the  earthy  matters 
which  are  foreign  thereto,  which  are  always  found  in  it  in  greater 
or  less  proportion,  I  have  seen  that  it  Was  indispensable  to  filter 
and  allow  the  sirup  to  repose  before  cooking  it;  and  I  have  invented 
for  that  purpose  two  basins,  which  perform  the  office  marTellonaly 
well,. and  with  tbe  greatest  advantages. 

^^These  basins,  called  filtering  basins,  (&amfi5  djiltrer^)  aliould 
be  large  enough  to  hold  all  tbe  expressed  juice,  evaporated  to  84 
or  26  degrees  Beaum^,  which  the  mill  cfin  furnish  in  twenty-fpur 
hours;  they  should  be  made  in  masonry,  lined  with  leadi  and 
covered  with  several  cases  with  wicker  bottoms.  Upon  these  bot- 
toms, as  filters,  are  spread,  first  a  woollen  cloth,  then  a  cotton  cloth 
and  a  copper  sieve.  Two  pipes  of  lead  establish  communication 
Vith  the  train;  one  conveys  the  syrup  into  the  cisteit'n  at  the  foot 
of  each  basin,  from  which  a  negro  takes  it  and  pours  it  upcta  the 
filters;  the  other,  of  which  the  opening  in  the  bottom  of  the  filter- 
ing basin  is  closed  by  a  stop-cock,  carries  the  filtered  sirup  back  to 
the  striking  pan." 

Rude  as  this  contrivance  of  M.  Dutrone  is,  compared  with  the 
bag  or  leaf  filter  of  the  present  day,  it  was  an  improvement  of 
gr?at  merit  at  that  time,  and  might  even  yet  be  employed  with  ad- 
vantage by  planters  who  cannot  readily  obtain  bettef  apparatus. 
The  filtering  part  being  simply  the  copper  gauze  and  the  two  cloths 
upon  a  wicker  bottom,  it  is  easy  for  any  one  to  construct  suck  an 
arrangement,  or  to  contrive  some  equivalent  substitute;  while  any 
vessel  of  sufficient  capacity,  and  which  may  be  readily  cleaned, 
will  supply  the  place  of  the  basin  of  Dutrone. 

In  Louisiana,  on  the  estates  which  have  adopted  N.  RillieUx's 
vacuum  pan  and  method  of  making  sugar,  the  leaf  filter  of  J.  S. 
Lovering  and  the  boneblack  Dumont  filter  are  both  employed;  but 
no  other  filter  than  the  large  filter  of  Derosne  above  described  is 
used  upon  the  plantations  in  Cuba,  which  are  provided  with  the 
apparatus  constructed  by  M.  Derosne,  and  which  I  examined  when 
there.  The  propriety  an(f  advantage  of  using  cloth  filters  to  re- 
move gross  mechanical  impurities,  and  fine  boneblack  if  it  be  added, 
instead  of  requiring  the  whole  to  be  done  by  the  granular  bone- 
black  filters,  does  not,  in  my  opinion,  admit  of  doubt. 

Section  IV. — On  evaporation. 

1.  Much  more  attention  and  ingenuity  have  been  bestowed  on 
the  evaporation  of  saccharine  solutions  than  upon  any  other  process 
connected  with  either  the  manufacture  or  the  refining  of  sugar.  In 
most  of  the  tropical  countries  where  sugar  is  made  from  the  cane, 
fuel  has  become  scarce;  hence  the  planter,  though  he  in  many 
other  matters  follows  rude  methods,  yet  places  his  pans  so  as  to 
economize  the  heat.  By  the  usual  arrangement  of  pan  after  piin 
upon  a. horizontal  flue  leading  from  a  single  fire,  great  surface  is 
exposed  for   the  rapid  evaporation   of  the  juice,  and  at   the  same 
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time  for  tbe  complete  abstraction  of  the  heat  from  the  current  of 
fact  air  which  escapes  from  the  consnming  fuel.  The  air  thus  ar- 
rires  in  the  chimney,  to  a  great  extent,  deprived  of  excessiye  heat, 
and  unnecessary  waste  of  fuel  is  aroided.  But  though  well  cal- 
culated to  economize  fuel,  the  ordinary  train  is  in  one  respect,  es- 
pecially, a  most  barbarous  contriyauce;  the  battery  or  striking 
teache  has  a  hemispherical  bottom,  exposed  directly  to  tbe  most 
intense  action  of  the  fire:  Vthen  therefore,  the  concentrated  sirup 
is  removed  from  it  by  dipping,  the  last  portions,  as  well  as  the  film 
which  sticks  upon  the  sides,  are  always  carbonized,  and  the  cara- 
mel tliUs  fcTrmed  greatly  impairs  the  color  and  value  of  the  sugar^ 
By  the  beet-sugar  makers  and  the  refiners  the  injurious  effects  of 
carameliziog  or  burning  the  sirup  have  been  not  only  fully  appreci- 
ated, but  perhaps  even  somewhat  overrated;  for  they  seem  not  to 
have  attached  sufficient,  importance  to  defecation  and  to  accidental 
fermentation.  Hence  numerous  arrangements  for  evaporating  rap- 
idly, and  at  low  temperatures,  have  been  invented  to  prevent  in- 
jury by  overheating;  but  in  some  of  these  arrangements  proper 
regard  has  not  been  paid  to  economy  in  the  use  of  fuel. 

The  pfoblem  of  evaporation  of  saccharine  solutions  must  be 
considered  as  that  of  obtaining  from  the  fuel  employed  the  maxi- 
mum effect  in  converting. the  water  of  solution  into  vapor  without 
injury'to  the  sugar  produced.  But  to  accomplish  this  object  in  the 
shortest  possible  time,  even  if  imperfectly,  is  in  pome  places  and 
at  M6tn€  times  far  more  important  than  to  realize  an  ideal  perfection 
of  products  manufactured;  it  bdo^  more  profitable  to  make  a  large 
qtiantity  of  rather  inferior  sugar,  than  a  smaller  amount  of  prime 
quality.  Besides  to  avoid  night-work  as  much  as  possible  is  greatly 
to  be  desired  by  the  planter  for  the  sake  of  the  negroes.  Nor  is 
rapidity  of  evaporation  of  less  importance  to  the  refiners,  for  the 
capital  invested  in  refining  establishments  is  usually  very  large; 
and  to  render  it  most  productive,  the  business  done  should  be  as 
great  as  possible. 

8.  In  the  following  observations  I  propose  not  only  to  describe 
but  also  to  discuss  the  merits  of  the  principal  arrangements  of 
evaporating  apparatus  which  have  been  invented  and  tried  upon  a 
large  scale;  and  in  forming  an  opinion  I  am  governed  equally  by 
the  testimony  of  manufacturers  with  reference  to  their  experience, 
and  by  the  conformity  or  nonconformity  of  each  arrangement  to 
such  general  and  well  established  laws  of  physics  as  fit  it  for  at- 
taining the  ends  of  economy  of  fuel  and  rapid  evaporation  at  low 
temperatures;  which  ends,  the  preceding  remarks  show  to  be  the 
desiderata  in  any  apparatus  invented  for  evaporating  sirup. 

The  laws  of  physics  to  which  I  have  reference,  and  which  gov- 
ern the  phenomena  of  evaporation,  are  simple  and  few  in  number. 
They  should  be  familiarly  known  to  every  manufacturer  of  sugar, 
and  therefore  may  appropriately  find  a  place  here,  especially  as 
reasons  for  the  opinions  and  conclusions  I  may  state,  though  their 
demonatration  and  illustration  properly  belong  to  treatise  on  natu- 
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ral  philosopjiy}  to  which  I  therefore  refer  for  more  complete  infoi- 
mation.*    They  are  as  follows: 

Ist.  It  is  impossible  by  any  mere  mechanical  arran^ment  to 
create  hes^t,  or  any  other  power.  > 

2d.  To  convert  a  given  amount  of  wat^  into  vapor,  the  dame 
quantity,  of  heat  is  absorbed,  whatever  may  be  th^  temperature, 
high  or  low,  at  which  the  evaporation  takes  place:  for  ^the  sutai' of 
the  sensible  and  latent  heat  in  vapor  is  a  constant  qu^acitity. 
-,  3d.  Evaporation  in  vacuo  takes  place  more  readily  than  ii^«atmot- 
pheric  air,  in  consequence  of  the  resistance  of  the  latter  to  the 
diffusion  of  the  vapor.  >, 

4th.  When  heat  is  communicated  by  contact,  the  amount  absorbed 
is  proportional  to  the  number  of  points  of  contact,  the  tynperatares 
being  the. same. 

5th.  When  water  passes  at  212°  Fahrenheit  into  steam,  it  absorbs 
1000^  of  heat;  which  becomes  insensible-  to  the  thermometer,  or 
latent;  and  conversely,  when  steam  is  condensed  into  water,  il 
gives  out  1000°  of  latent  heat,  which  thus  becomes  free,  and' affects 
both  the  thermometer  and  the  senses.  Hence,  steam  of  21S^ 
Fahrenheit  will,  in  condensingj  heat  five  and  a  half  times  its  own 
weight  of  water  from  32°  to  212^  Fahrenheit,  or  from  the  freezing 
«to  the  boiling  points. 

It  is  approximatively,  though  not  perhaps  fully  established,  bj 
experiments,  that  the  same  aniount  of  heat  is  always  produced  by 
the  combustion  of  any  given  substance,  at  whatever  degree  of 
heat,  high  or  low,  it  may  be  burnt,  yet  the  loss  or  waste  of  heat 
varies  greatly  with  the  circumstances  and  method  of  application. 
To  determine  this  question  exactly,  more  accurate  and  delicate 
methods  than  any  heretofore  used  seem  to  be  requisite.  Yet  such 
has  been  the  skill  of  some  experiments  made,  that  we  may  for  all 
practical  purposes,  assuiae  it  to  be  rigidly  true  that  fuel  produces 
the  same  quantity  of  heat,  in  whatever  manner  consumed. 

3.  The  evaporation  of  liquids  is  an  operation  which  has  to  be 
performed  not  only  by  the  sugar  manufacturer  and  refiner,  but  also, 
and  in  a  great  variety  of  ways,  by  persons  engaged  in  the  different 
arts. 

The  following  classification  probably  includes  all  {the  methods  in 
use: 

1.  Evaporation  by  exposure  to  the  air; 

2.  Evaporation  by  artificial  currents  of  air; 

3.  Evaporation  by  flame  in  open  or  close  vessels; 

4.  Evaporation  by.  steam  in  open  or  close  vessels; 
6.  Evaporation  in  vacuo,  and  by  steam. 

Apparatus  may  be,  however,  and  is  contrived,  in  which  these 
methods  are  combined,  to  produce  a  greater  effect. 


*See  Lardner's.  Cabinet  Cyclopedia,  ▼olome  on^  Heat;  or  Traits  de  Pbyaiqoe,  eithor  of 
Biot,  Poaillet,  or  Despretz.  *  ,    > 
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Evaporation  hy  exposure  to  the  air. 

^.  ETaporati6n  by*  exposure  to  the  air  at  atmospheric  tempera- 
tures, though  a  familiar  operation  in  domestic  economy  for  the 
preservation  of  fruits,  &c.,  is  yet  practised  on  a  large  scale  only 
for  the  extractien  of  common  salt  from  sea  waier,  the  usual  ar- 
rangement for  which  is  either  a  series  of  large  shallow  basins,  into 
which  the  sea  water  is  allowed  to  flow  by  channels,  which  are 
closed  afterwards  to  prevent  its  esaape  or  further  supply,  or  else  a 
tank  from  which  the  salt  water  descends  in  .divided  streamliets 
through  piles  of  thorns,  which  therefore  expose  a  large  surface  of 
brine'  to  the  air  before'  it  escapes  into  the  large  shallow  reservoir 
beneath. 

Evaporation  by  air  may  be  considered  as  absorption  of  the  vapor 
by  the' air  immediately  in  contact  with  the  liquid,  which  air  thus 
becomes  saturated.  Hence,  it  is  evident  that  such  evaporation 
will  be  proportional  to  th^  surface  of  the  liquid  exposed;  that  it 
will'  increase  if-  the  temperature  of  the  liquid  increases,  because 
the  vapor  then  basgreater  density;  and  that  currents  produced  by 
winds  or  artificially  will,  by  removing  the  saturated  portions  of* 
air,  and  replacing  them  with  fresh  and  drier  portions,  greatly  ac- 
celerate, the  action. 

Various  combinations  of  eviiporatinar-  apparatus  have  been  con- 
trived, particularly ,for  the  concentration  of  defecated  beet  juice, 
in^whidh  the  liquid  is  exposed  in  films  to  the  air,  at  a  temperature 
near  that  of  boiling  waters  Most  of  these  arrangements  act  con- 
tinuously, the  juice  to  be  evaporated  toeing  supplied  uniformly  as  , 
the  concentrated  sirup  escapes,  which  economizes  manual  labor.^ 
They  generally  consiSTt  of  hollow  inclined  planes,  upon  which  the 
sirup  is  received  at  the  top,  and  heated  by  steam  applied  between 
the  upper  and  lower  surfaces.  To  diffuse  and  retard  the  descent 
of  the  sirup,  so  that  the  action  may  be  of  sufficient  duration,  these 
inclined  planes  have  an  undulated  surface.  Some  of  them  are 
made  of  copper  tubes  closely  soldered  together,  atid  which,  while 
they  present  a  grooved  retarding  surface,  also  serve  as  pipes  to 
convey  the^tieam.  M.  Derosne  has  invented  an  apparatus  of  this 
^ind,  in  which  he  causes  the  liquid  to  traverse  the  whole  surface 
of  the  inclined  plane,  by  means  of  numerous  strips  of  metal  placed 
across,  and  which  are  not  quite  as  long  as  the  inclined  plane  is 
broad.  The  space  between  these  strips  forms  a  rontinuous  chan- 
nel through  which  the  juice  flows  alternately  in  opposite  direc- 
tions, and  thus  passes  slowly  over  the  whole  surface  before  it  ar- 
rives at  the  bottom. 

Among  the  systems  for  evaporation  by  exposing  thin  films  of 
heated  juice  in  the  air,  that  invented  by  MM.  Martin  and  Cham- 
ponnois  is  probably  the  simplest.  It  is  composed  of  a  number  of 
columns,  about  forty  inches  in  diameter,'and  seventeen  feet  in 
height,  made  of  thin  sheet  copper.  Each  of  these  columns  is 
provided  with  a  circular  receiver  at  top,  which  distributes  the 
juice,  as  it  flows  from  a  reservoir,  in  .a  thin  sheet  over  the  column. 
As  it  descends,  the  juice  is  eva))orated  by  exposviie  U  X\i^  i\\  vdl^ 
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by  the  beat  furnis,bed  by  tbe  steam  within  the  column,  which  is 
supplied  by  a  pipe  from  a  steam  boiler.  Three  successive  <^era- 
tions,  and  from  seven  to  nine  minutes,  suiSce  to  concentrate  qrdi- 
nary  beet  juice  to  30°.  Besides,  the  apparatus  mjiyvbe  readily 
cleaned. 

In  the  system  of  M.  D^grand,  which  has  been  employed  by  M. 
Derosne  for  making  cane  sugar,  evaporation  is  performed  by  the 
double  inlSuence  of  air  externally,  and  heat  from  steam  within,  ap- 
plied to  a  thin  film  of  juice  upon  a  serpentine  pipe  of  sheet  copper; 
the  steam  being  that  generated  by  the  final  evapor^ion  jof  the  con- 
centrated juice  in  a  vacuum  pan.  (See  plate  lY,  figs.  1  &  2,  and  des- 
cription; also,  in  the  sequel  of  this  section-,  the  article  on  evapora- 
tion in  vafuo.) 

6.  It  seems  to  be  a  disputed  point  whether  or  not  saccharine  so- 
lutions and  juices  are  injured  in  evaporation  by  exposure  to  ,the 
air.  M.  Payen,  whose  opinion  and  experience  are  entitled  to  great 
credit,  remarks,  that  it  is  the  more  important  to  refute  the  belief 
that  sirups  are  injured  and*  rendered  dark  colored  *in  evapqi^ation 
by  an  elevated  temperature,  or  by  the  action  of  the  air  aided  by 
heat,  because  these  views  have  been  sustained  by' eminent  scientific 
men,  and  given  rise  to  most  ruinous  speculations..  /In  corrobora- 
tion of  his  opinion  that  injury  is  done  rather  by  long  diirsrtion  of 
the  heat,  M.  Payen  adduces  the  facts,  that  boiling  for^  thirty  or 
forty-five  minutes^  according  to  the  old  system,  deepens  the  color, 
and  renders  a  much  larger  quantity  of  sugar  uncrystallizable  thn 
rapid  concentration  in  six  or  eight  minutes  by  means  of  a  tilt  or 
bascule  pan;  that  slow  evaporation,  by  steam,  of  large  q^ntities 
of  beet  juice  at  a  temperature  below  that  of  boiling  water,  far  fi:om 
producing  a  better  result,  gives  very  dark  and  perfq^ctly  uncrystal- 
lizable sirups;  that  slow  evaporation,  either  by  an  open  fire  or  by 
a  water  bath,  gives  equally  bad  results.  As  for  exposure  to  the 
action  of  the  air  during  concentration,  M.  Payen  remarks  that,  far 
from  considering  it  very  prejudicial,  the  effect  should  be  regarded 
as  almost  nothing;  for  comparative  experiments  made  in  vacuo,  in 
carbonic  acid  gas,  in  nitrogen,  and  in  atmospheric  air,  gave  him 
like  results  for  like  temperatures  and  times  of  evaporation. 

Again,  it  is  considered  as  a  fact  fully  established  by  the  use  of 
apparatus  similar  to  that  described  above  in  the  manufacture  of 
beet  sugar,  that  saccharine  juices  do  not  sustain  appreciable  injury 
in  concentration  by  exposure  to  the  air;  and  for  this  we  have  the 
;yithority  of  the  most  intelligent  and  experienced  manufacturers 
and  chemists.  On  the  other  hand,  Hochstetter,  who  made  many 
interesting  experiments  on  sugars,  affirms,  ^Hhat  saccharine  juices 
are  rapidly  changed  by  the  action  of  the  air,"  and  expresses  the 
opinion  "  that  those  systems  of  evaporation  where  beet  juice  drips 
over  warm  surfaces,  (plates,)  and  by  great  contact  with  the  air  loses 
its  water,  which   evaporates,   ought   to   be  rejected    altogether."* 

*See  Franklin  Institate  Joarnal,  Marcb,  1844^  page  179^  Uanslateil  from  the  Joumid  ftr 
FrakuachQ  Chmxti  Mayj  1843. 
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I  n<8ult8  of  experience  in  large  manufacturing  opferations^ 
ed  by  men  of  such  skill  and  al)i1ity  as  MM.  Pajen,  D.erosae, 
era,  are  certainly  more  .entitled  to  confidence  than*  any  ex- 
ts  on  a  small  scale. 

ith  reference  to  economy  of  fuel,  apparatus  for  evaporation 
s  heated  surfaces  exposed  to  the  air  is  certainly  very  objec- 
*;  £or  nt)^  only  is  the  heat  generated  employed  for  the  con- 
of  the  water  of  the  juice  into  steam,  but  also  the  air  itse),f 
ict  with  the  apparatus  becoming  heated,  ascends  and.  gives 
>'CT)Ider  air,  which,  in  turn,  also  passes  away  in  the  same 
— ^tbus  producing  a  constant  current,  by  which  great  waste 
must  occur.  From  this  objection  the  system  of  MM.  116- 
iid  Derosne  is,  however,  free;  for  in  it  the  serpentine  tube, 
hich'  the  juice  is  evaporated  to  27°  Beaum6,  is  employed  as 
eratoF-pr  condenser  of  the  va^^or  within,  to  aid  in  forming 
Hum  in  the  pan.  . 

iteam  Employed  for  supplying  by  its  condensation  the  latent 
laisite  to  convert  the  water  of  the  juice  into  vapor  can  only 
t€  a  quantity  equal  to  its  own  weight,  or  to  the  amount  of 
rem  which  that  steam  w.as  generated;  and  as  cobsidecable 
keat  must  occur  by  currents  of  air  in  the  use  of  the  above 
id  apparatus,  it  follows  that -evaporation  in  vessels  by  steam^ 
by  pipes,  hollow  bottoms,  &c.,  must  be  attended  with  much 
advantages  if  fuel  be  scarce  or  costly,  than  the  employment 
rms  by  which  large  surfaces  are  exposed.  And  if  evapora* 
tfae^laXter  be  very  rapid,  still,' equal  rapidity  can  be  readily 
ided  in  other  steam  apparatus  by  extending  the  heating  sur- 
liich  is  easily  done,  either  by  increasing  the  number  of  the 
#f  the  steam  pipea. 

Evaporation  hy  artificial  currents  of  air.        .     . 

r.  6k  W.  Kneller  patented  an  invention  whrch  was  u^ed  for 
ne  in  a  refinery  in  London,  which  consisted  of  a  number  of 
forced  with  numerous  orifices,  and  immersed  in'the  evapor-^ 
i^n,  through  which  orifices,  cold  air  is  foiced,  by  means  of  a 

or  other  blowing  machine,  into  the   saccharine  solution. 

cools  the  liquor,  which  would  otherwise  b^  heated  to  a 
nperature  by  the  direct  action  of  the  fire,  and  at  the  same 
nveys  off  the  vapor  which  it  absorbs. 

France,  M.  Hallette  invented  a  concentrating  apparatus, 
;onsists  of  two  concentric  cylinders  placed  in  an  inclined 
ii  which  revolve  about  their  common  axis,  and  are  heated 
n  from  a  separate'boiler.  The  space  between  the  two  cyl- 
9  ^losed  at  the  two  ends,  and  constitutes  the  steam  cham- 
which  the  heat  is  applied  to  the  juice  which  flows  in  at  the 
n  the  surface  of  the  inner  cylinder,  and  escapes  below  in  a 
rated  state.  The  vapor  generated  ,hy  the  juice,,  and  the 
lar  within  j  cause  a  strong  curreot  of  air  to  pau  lWt^r\^Vtk^ 
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revolving  cylinder,  the  revolution  of  which  evidfeixtly  servesto  ex- 
pose constantly  a  thin  film  of  juice  upon  the  inner  surface.  .  This 
apparatus  is  said  to  have  worked  well  in  an  Austrian  factdry,  as 
well  as  in  France,  for  a  number  of  years*  .  The  juice  is  evaporated 
very- rapidly  by  it,  but  there  is  of  course  considerable  loss  of  heat, 
and  copsequent  waste  of  fuel,  by  the  current  of  cold  air  which  is. 
continually  passing  in  at  one  end  and  escapiri^.  at  the  oth^rin  a 
heated  state.  .  This  current  of  cold  air  must  afsp^ondensje  a  con- 
siderable portion  of  vapor  already  liberated,  and  restore  it  to  the 
liquid  state. 

9.  An  apparatus  for  the  evaporation,  of  "saccharine  juices  by  the 
combined  action  of  hot  air  and  of  steam  ha9  been  invented  by  JA. 
Brame  Chevalier,  and  used  both  by  himself  and  others  for  a  suffi- 
cient length  of  time  to  test. the  principles  thoroughly  upon  which 
it  depends.  It  is  composed  of  ^  blowing  apparatus,  moved  .by  a 
steam  engine;  of  a  vessel  filled  with  tubes  for  heating  theair^and 
of  an  evaporating  pan  furnished  with  a  double  bottom-,  into  which 
the  air  is  forced,  and  from  which  it  escapes  by  a  large  number  6( 
small  orifices  through  the  inner  bottom.  In  this' evaporating  pan.a 
set  of  steam  pipes  is. also  immersed  with  steam  from  the  boilex  of 
the  engine,  which  contribute  greatly  to  the  effect  of  the  heated  air. 
The  water  formed  ^y  the  steam  condensed  in  these  pip^s  is  con- 
veyed b^ck  to  the  steam  boiler. 

The  vessel  for  heating  the  air  consists  of  a  cylinder  placed  ver- 
tically, and  a  large  number  of  copper  tubes  or  steam  pipes,  which 
receive  steam  from  the  boiler  and  heat  .the  air  which 'is  forced 
lengthwise  through  vacant  spaces  between  the  pipes. 

In  this  apparatus,  five  or  six  minutes  are  sufficient  for  the  evap- 
oration of  the  sirup,  (such  as  is  used  in  refining,)  and  the  tempeja- 
ture  does  not  exceed  175^  Fahrenheit,  though  the  steam  pipes 
should  be  heated  even  to  300°  Fahrenheit — a  fact -which  is  atlrib- 
Hted  to  the  large  amount  of  latent  heat  which  is  absorbed  by  the 
rapidily  evaporating  liquor.  But  the  apparatus  is  very  compli- 
cated and  costly,  and  wastes  a  large  amount  of  fuel  for  the  pur- 
pose of  heating  air.  As  it  requires  a  steam  engine  and  other  ex- 
pensive machinery,  it  must  be  admitted  that  a  vacuum  pan,  which 
requires  a  similar  outlay  of  capital,  but  is  both  established  by  ex- 
perience and  more  economical,  is  certainly  to  be  preferred. 

It  is  worthy  of  mention  that,  by  the  use  of  the  apparatus  of 
Brdme  Chevalier,  the  action  of  the  air  on  sirups  during  the  evapo- 
ration has  been  fully  tested,  and  found  to  produce  no  perceptible 
injury  either  in  quality  or  in  color. 

Evaporation  hy  flame  in  open  or  close  vessels, 

10.  The  direct  application  of  flame  to  vessels  containing  solu- 
tions to  be  evaporated,  although  used  often  in  other  branches  of 
the  arts  with  perfect  results,  as,  for  instance,  in  generating  tfteam 
for  engines,  is  yet  attended  with  the   most  deoided  injury  when 

employed  for  i?accharine  juices  or  sirups.    So  great  and  so  una- 
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voidable  is  this  injury,  that  it  no  longer  admits-  of  doubt  or  ques- 
tion tliat  all  such  arrangements  should  be  abandoned. 

In  the  pans  at  present  generally  used,  the  sugar  contained  in  the 
simp  j^hich  sticks'  to  the  sides,  as  well  as^  that  which  remains  in 
the  bottom,  is  invariably  burjit  or  caramelized  by  the  fire  whenever 
the  contents  of  the  pan  are  removed  by  dipping;  so  that  Dr.  Ure 
not  inaptly  styles  them  ^^  sugar  frying  pans. 

11.  The  bascule  or  tilt  pan,  (see  plate  I,  figs.  8  and  %)  though 
designed,  by  more  rapid  .evaporation  and  by  pouring  the  whoFe 
mass  of  concentrated  s^rup  at  once  into  the  cooler,  to  correct  the 
evils  of  th(B  common  system,  is  still  but  an  imperfect  remedy,  and 
may  b^  regarded  as  an  intermediate  step  between  old  faulty  ar- 
rangements and  the  new  highly  improved  steam  apparatus.  It  con- 
sists of  a  large  shallow  copper  pan  with  a  spout  or  lip,  and  turns 
on  an  axis  by  means  of  a  chain  and  pulley,  so  as  to  empty  its  cen^ 
tenis  into  a  large  copper  vessel  or  cooler,  and  receives  .its  charge 
from  a.reservoir  of  juice  or  sirup  above,  provided  with  a  stop-cock 
to  govern  its  action. 

Although  the  bascule  pan  evaporates  and  pours  with  great  rapi- 
dity, and  thus  prevents  the  sirup  being  long  exposed  to  an  intense 
heat  when  concentrated,  it  is  still  attended  with  great  waste  of 
fuel  in  consequence  of  the  air  and  gas  from  the  fire  passing  into  the 
chiutney.  at  a  high  temperature.  It  cannot,  therefore,  be  substi- 
tuted for  the  common  train  of  pans  in  places  where  economy  of 
fuel  is  desirable;  but,  even  if  the  bascule  pan  were  free  from  this 
objection,  evaporation  by  steam  would  be  infinitely  preferable,  by 
reason  of  the  perfect  control  it  gives  in  the  application  of  heat. 

12.  Evaporation  in  close  vessels — that  is  fo  say,  in  such  as  per- 
■nit  the  escape  of  the  vapor  by  openings  just  large  enough  to  pre- 
vent any  considerable  increase  of  elastic  force  above  that  of  the 
atmosphere — is  more  advantageous  thah  in  op^n  vessels;  for  in  the 
latter,  until  brisk  ebullition  removes  the  stratuniof  air  incumbent 
upon  the  syrup  by  the  formation  of  a  sufficient  volume  of  steam,  a 
cir<^ulation  of  cold  air  from  the  sides  is  established,  whlqh  conveys 
away  much  of  the  heat,  and  produces  a  proportionate  loss  or  waste 
of  fuel. 

Evaporation  by  steam  in  open  or  close  vessels. 

13.  All  the  numerous  and  various  arrahgements  which  have  been 
invented,  and  more  or  less  employed,  fbr  the  evaporation  of  liquids 
by  steam,  consist  essentially  of  a  boiler,  for  the  generation  of  the 
steam,  similar  to  and  constructed. like  those  used  for  steam  engines, 
and  of  one  or  more  evaporating  pans,  provided  either  with  a  double 
bottom  or  a  steam  pipe,  and  sometimes  with  both,  for  the  applica- 
tion of  the  steam. 

The  evaporation   of  syrup  by  steam  is  attended  with  great  ad- 
vantages: first,  because  they  cannot  so  readily  be  injured  by  over- 
heating; secondly,  because  the  operation  can  at  will,  and  instanta- 
26 
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neously,  be  either  commenced,  arrested,  or  continued  at  a  constant 
and  suitable  temperature;  and,  lastly,  because  a  single  steam-boiler 
serves  to  supply  any  number  of  evaporating  pans,  and,  therefore, 
the  loss  of  heat  which  occurs  by  multiplying  the  number  o(  fur- 
naces is  avoided,  as  a  single  furnace  answers  for  the  whole. 

Although,  if  the  furnaces  be  so  constructed  as  to  render  the  heat 
developed  by  the  combustion  of  a  given  amount  of  fuel  equally 
available  in  each  case,  evaporation  by  steam  will  be  as  economical 
as  by  the  direct  action  of  the  fire,  it  cannot,  however,  be  attended 
with  actual  gain;  for  it  may  be  considered  self-evident  that  the 
steam  generated  by  the  consumption  of  any  given  amount  of  fuel 
cannot  give  out  in  condensation  more  heat  than  is  required  for.the 
vaporization  of  a  quantity  of  water  equal  to  that  from  which  the 
steam  was  formed.'^ 

14.  It  is  of  ^reat  consequence  that  the  pans  should  present  a  suf- 
ficient extent  of  evaporating  surface;  for  upon  that  chiefly  will  de- 
pend the  rapidity  with  which  they  will  operate.  It  matters  not 
whether  this  surface  be  presented  by  a  double  bottOEb,  or  by -pipes, 
provided  the  metal  be  endowed  with  equal  power  of  transmitting 
heat,  for  it  has  been  ascertained  that  form  has  no  effect  upon  the 
generation  of  steam,  though  upon  it  depends,  to  a  great  extent,  the 
strength  of  the  apparatus,  especially  in  resisting  the  elas^tic  force 
of  the  steam.  That  the  evaporating  power  of  any  apparatus 
depends  upon  the  surface  exposed,  is  evident  from  the  considera- 
tion of  the  phenomena  which  occur.  The  heat,  whether  communi- 
cated by  radiation,  and  contact  with  flame  and  hot  air,  or  by  the 
application  of  steam,  is  received  first  by  the  exterior  surface;  from 
this  surface  it  is  conducted  from  particle  to  particle  of  the  metal, 
until  it  arrives  at  the  inner  surface,  where  it  is  absorbed  by  the 
particles  of  the  liquid  immediately  next  to  the  metal,  causing 
these  particles  either  to  expand  and  rise  to  a  higher  level,  at  the 
same  time  giving  place  to  others,  or'  else  converting  them  into 
steam.  The  quantity  of  heat  absorbed,  and  the  number  of  liquid 
particles  acted  upon,  will,  of  course,  be  proportional  to  the  extent 
of  heating  surface;  and  if  the  exterior  surface  be,  as  it  is  in  all 
pans,  heated  by  steam  kept  at  a  constant  temperature,  then  the  quan- 
tity of  heat  transmitted  from  the  exterior  to  the  interior  surface 
will  be  directly  as  the  conductibility,  and  inversely  as  the  thick- 
ness, of  the  metal  forming  the  pan. 

As  the  conducting  power  of  the  metal,  of  which  the  evaporating 
pan  is  composed  is  a  matter  of  some  importance,  it  is  a  fact  which 
should  be  borne  in  mind,  that  copper  conducts  heat  more  rapi.lly 
than  iron;  and  these  are  the  only  metals  which  car  be  used  for  the 
evaporation  of  saccharine  solutions.  Copper  possesses  also  the 
advantage  of  being  less  readily  oxydized;  and  though  its  first  cost  is 


•  This  proposinon  maybe  put  in  another,  and  to  some,  perhaps,  a  more  evident  form:  liie 
steam  from  the  boiler  is  a  mere  heat-carrier,  to  convey  what  it  receives  to  the  juice,  give  it 
«/).  and  return.    It  may  lose  part  by  the  way,  but  cau  treate  nothing. 
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much  greater  than  that  of  iron,  when  worn  out  it  selU  for  nearly 
as  much  as  the  original  value  of  the  matefrials.  For  resisting  the 
force  of  high  steam,  and  for  sustaining  pressure,  the  superior 
sttength  of  iron  entitles  it  to  preference:, besides  these,  there  are 
other  comparative  advantages  and  disadvantages  in  working,  fami- 
liar to  those  who  manufacture  such  apparatus,  and  which  materi- 
ally affect  the  cost;  but  such  is  at  present  the  skill  of  these  manu- 
facturers, that  it  may.  perhaps  be  confidently  asserted  that  any 
thing  can  be  made  of  iron  which  it  is  possible  to  make  of  copper, 
and  conversely. 

15.  To  combine  great  resistance  to  the  elastic  force  of  steam 
with  facility  in  transmitting  heat,  steam  pipes  of  small  diameter 
(say  one  oi;  two  inches)  are  preferable  to  large  double  bottoms;  for 
the  strength  of  hollow  bodies,  when  subjected  to  the  action  of  dis- 
ruptive forces,  is  inversely  proportional  to  their  diameters:  pipes 
may,  therefore,  be  made  thinner  than  double  bottoms;  and  we  may 
thus  attain  rapidity  of  evaporation  without  loss  of  strength  to  the 
apparatus.  But,  in  reducing  the  thickness  of  the  metal,  we  must 
not  diminish  the  heating  surface;  for  the  amount  of  heat  gathered 
eithct  from  flame  or  steam  depends  upon  that  surface,  as  we  have 
already  seen;  and  if  we  at  the  same  time  decrease  both  the  thick- 
ness and  the  surface  of  the  pan,  we  counteract  by  one  change  the 
advantage  which  we  derive  frotn  the  other. 

16.  In  using  steam  for  the  evaporation  of  liquids,  it  is  of  the 
utmost  importance  tha,t  atmospheric  air  should  be  entirely  and  rea- 
dily expelled  from  the  apparatus  at  the  commencement  of  the  ope- 
ration; for  air  is  not  only  a  bad  conductor  of  heat,  but  it  also 
opposes  considerable  resistance  X6  the  circulation  of  vapor  through 
it;  and  it  therefore  serves  both  to  diminish  the  heating  surface, 
which  is  limited  to  that  in  contact  with  steam,  and  also  to  retard 
the  replacement  of  condensed  steam  by  fresh  portions  thereof. 
When,  however,  the  apparatus  is  filled  with  steam  only,  this  steam 
condenses  and  forms  a  .vacuum  with  the  metal,  which  vacuum  is 
instantly  filled  again  with  steam,  to  be  in  turn  condensed.  Thus 
successive  portions  of  steam  give  off  their  heat,  and  a  rapid  circu- 
lation takes  place. 

17.  In  every  arrangement  intended  for  evaporation  by  steam,  it 
is  important- that  the  water  formed  by  the  condensation  of  the 
steam  should  readily  escape,  so  that  it  may  not  obstruct  the  appa- 
ratus; and  if  this  water  be  conveyed  back  to  the  boiler,  it  will  not 
only  serve  to  replenish  it,  but  also,  by  reason  of  the  heat  retained, 
be  productive  of  economy  of  fuel. 

18.  In  the  use  of  high  steam  for  evaporation,  constant  care  and 
vigilance  are  necessary,  fot  the  operation  goes  on  much  more 
rapidly  at  first,  and  the  consumption  of  steam  decreases  as  the 
liquid  becomes  more  and  more  concentrated.  The  ptesswte  ol  XV^ 
steam  must  therefore  be  coastantly  watched,  and  tVie  &i^  te%v!\%\.^\ 
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accordingly.  This  should  be  done  by  a  mercurial  gauge^  and  not 
by  the  safety-valve  alone.  If  a  number  of  evaporating  pans  be 
-worked  at  the  same  time',  the  superintendent  may  follow  a  sys- 
tematic order  of  operations,  which  will  ke^p.  the  amount  of  work 
nearly  constant,  and  in  a  great  measure  avoid  irregularities  in  the 
pressure  of  the  steam*  a  self-regulating  damper  is  highly  desirable. 

19.  Of  the  numerous  arrangements  of  open  evaporating  pans 
furnished  with  steam  pipes,  that  of  Taylor  was.  the  first,  and  it  has 
perhaps  had  more  influence  upon  the  beet-sugar  industry  of  France^ 
and  been  more  fully  tested,  than  any  other.  Although  more  perfect 
arrangements  have,  to  a  great  extent,  superseded  it,  still  it  is  par- 
ticularly worthy  of  notice,  since  it  may  be  considered  the 'next 
step,  after  the  bascule  pan,  in  the  progress  of  the  manufacture  of 
beet  sugar.  For  a  more  full  description  of  it,  see  plate  II,  figures^ 
1,  2,  and  3,.  and  the  explanation.  It  consists  essentially  of  a  pan 
and  a  series  of  double  concentric  tubes,  so  connected  together  that 
they  form  a  sort  of  grate,  movable  upon  an  axis  at  one  end,  (hat 
they  may  be  elevated  to  permit  thie  pan  to  be  cleaned.  The  azis- 
upon  which  the  system  of  tubes  turns  is  divided  lengthwise,  by  a 
diaphragm,  into  two  chambers.  The  steam  which  is  conveyed  into^ 
on^  of  these  chambers  passes  thence  through  the  inner  tubes,  and 
returns. by  the  channel  between  the  outer  and  inner  tubes  into  the 
other  chamber  of  the  axis.  From  this  chamber  the  condensed 
water  is  drawn  off,  to  be  carried  back  into  the  boiler.  .  When  the 
sirup  is  sufficiently  evaporated,  the  pan  is  emptied  through  the  bot- 
tom, by  a  cock  for  the  purpose.  The  objections  to  Taylor's  pan 
are,  its  complicated  structure,  and  the  .consequent  liability  to  de- 
rangement and  difficulties  of  workmanship.  The  inner  tubes  pre- 
sent no  evaporating  surface,  while  they  add  considerably  to  the 
weight  of  metal,  and  therefore  to  the  first  cost. 

20.  A  much  more  simple  arrangement  has  been  contrived  by  M. 
Dubrunfaut,  and  which  is  said  to  be  successfully  used  in  France,, 
(see  plate  II,  figs.  4  and  5.)  It  consists  of  a  simple  .continuous 
tube,  passing  backwards  and  forwards  a  number  of  times;  the  two 
ends  of  which  serve  not  only  for  the  entrance  and  escape  of  the 
steam,  but  also  as  pivots  upon  which  the  bent  tube  turns  when  the 
pan  is  cleaned.  If  this  tube  be  constructed  of  metal  sufficiently 
thin  to  transmit  heat  with  great  rapidity,  it  would  perhaps  be 
wanting  in  strength.  A  more  serious  objection  to  this  apparatus 
lies  in  the  difficulty  of  constructing  bent  tubes  of  copper,  which 
are  very  apt  to  leak,  even  if  tight  at  first,  after  they  have  been  sub- 
jected for  a  short  time  to  the  changes  of  temperature  which  occur 
in  use,  and  especially  when  the  curves  are  small. 

21.  Other  pans  have  been  used  which  are  provided  with  a  ser- 
pentine tube,  somewhat  similar  to  the  ordinary  worm  pf  the  dis- 
tiller; .the  spires  of  which,  however,  are  situated  nearly  in  the 
same  plane.     Of  these,  that  of  Hallette  (for  a  more  particular  de- 

ficription  of  which,  see  plate  U)  ^gs.  S  ^\id  1)  Is  ^xob^htj  one  of 
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the  best.  The  tube  forms  two  coDcentric  parallel  spirals,  and  tke 
steam  passes  inwards  through  one  of  these  spirals  until  it  arrives 
at  the  common  centre,  whence  it  again  flows  outwards  by  the  other 
spiral. 

22.  Besides  the  arrangements  above  described,  that  invented  and 
constructed  by  M.  Pecqueur  is  worthy  of  mention.  The  tubes  pro- 
ceed from  a  common  steam  pipe;  and  having  traversed  the  extent 
of  the  pan,  they  end  in  a  common  escape  pipe.  The  pan  itself,  as 
well  as  the  set  of  tubes  independently  of  the  pan,  turns  upon  the 
axifi  formed  by  the  steam  and  escape  pipes. 

In  appearance  this  pan  somewhat  resembles  Taylor's  pan,  but  it 
differs  entirely,  in  that  the  pan  may  be  considered  a  bascule  pan, 
and  that  the  tubes  are  not  double;  the  axis  also  is  formed  of  two 
short  pipes.  M.  Pecqueur  has  constructed  two  or  three  hundred 
pans  of  this  description,  and  they  have  been  employed  satisfactorily 
in  France.  The  chief  advantage  of  M.  Pecqueur's  a.pparat\is  is 
that  the  short  length  of  the  tubes  allows  the  steam  to  retain  much 
of  its  elastic  force,  and  to  return  through  them  without  being  con- 
densed into  the  boiler.  The  steam  is  thus  used  at  a  higher  tern- 
perat4ire,  and  the  juice  is  ev.aporated  more  rapidly. 

S3.  An  apparatus  exactly  similar  ta  that  of  M.  Pecqueur  has 
been  patented  in  this  country  by  Mr.  Harris;  in  Cuba  I  saw  one 
which  rhad  been  put  up  on  the  Saratoga  estate,  but  which  had  failed 
to  give  satisfaction.  It  was  made,  I  was  informed,  at  one  of  the 
dcist  justly  celebrated  machine  factories  of  this  country,  and  any 
faalts  it  may  be  subject  to  are  therefore  to  be  attributed  rather  to 
erroneous  mechanical  contrivance  than  unskilful  workmanship. 
When  on  that  estate,  I  requested  and  obtained  the  permission  of 
the  intelligent  administrator  to  try  some  experiments  with  this  ap- 
paratus; and  when  the  steam  was  admitted  at  the  pressure  of  two 
and  a  half  atmospheres,  I  found  that  the  jornts  by  which  the  tubes 
were  connected  to  the  axis  were  very  open,  permitting  the  steam 
to  escape  freely  into  the  sirup.  The  manner  in  which  these  joints 
were  made  had  apparently  been  the  cause  of  the  failure  of  the  ap- 
paratus. Notwithstanding  this  escape  of  steam  into  the  sirnp)  so 
•great  was  the  evaporating  power  of  the  tubes  that  the  juice  was 
concentrated  more  rapidly  than  in  the  common  pans,  and  yielded  a 
«nperior  sugar.  Had  the  joints  been  tight,  I  do  not  doubt,  from 
the  results  obtained,  that  the  rapidity  of  evaporation  by  this  ap- 
paratus would  have  been  four  times  as  great  as  that  of  the  Jamaica 
•trains  used  on  that  estate. 

Many  other  arrangements  have  been  tried^but  they  are  all  simple 
modifications  of  those  described;  the  serpentine  tube  and  the  sys- 
tem of  Ta)lor  are  types  from  which  they  are  copied,  with  such 
variations  only  as  convenience  of  workmanship  and  use  may  have 
suggested. 

I  am  not  aware  that  the  evaporation  of  saccharine  solutions  in 
close  vessels  and  by  high  steam  has  been  tried,  or  thought  desirable, 
by  any  one.     It  would  doubtless- be  attended  with  ecouoisi^  ol  Im^V 


[  50  ]  246 

to  a  slight  extent  by  preventing  a  circulation  of  air  in  contact  with 
.the  liquorj  andf  the  consequent  abstraction  of  heat. 

24.  In  the  refiheries  and  beet-sugar  establishments  of  France  the 
evaporating  pans  are  furnished  with  wooden  covers,  in  whiph  there 
are  openings  communicating  with  flues  or  chimnevs,  aUo  of  woody 
and  w^hich  serve  to  carry  off  the  immense  volume  of  vapor  pro- 
duced. (See  plate  II,  fig  5.)  This  vapor,  .if  allowed  to  diffuse 
itself  in  the  building,  would  constitute  a  cloud  sufficiently  dense  to 
render  it  impracticable  to  see  things  distinctly  even  at  short  dis- 
tances. 

Evaporation  in  I'^acuo  and  by  steam. 

J25.  When  evaporation  takes  place  in  vacuo,  it  is  almost  instan- 
taneous. The  density  and  consequent  quantity  of  water  composing 
a  given  volume  of  the  .vapor  formed  depend  only  upon  the  tempe- 
rature; the  total  amount  of  vapor  given  off  is  equal  to  that  required 
to  fill  the  space  occupied  by  the  vacuum;  and  the  latent  beat  ab-* 
soi;bed  is  sufficient  to  heat  a  quantity  of  water  equal  to  that  con- 
tained in  the  vapor  through  1000  degrees  Fahrenheit,  or  five  and  a 
half  times  the  same  quantity  from  the  freezing  to  the  boiling  point. 
If,  by  means  of  an  exhausting  pump  or  by  condensation,  t^e  vapor 
is  then  entirely  removed,  and  the  vacuum  re-established,  an  equal 
quantity  will  be  again  formed;  this  in  turn  may  be  xemoved,  that 
iinother  portion  may  take  its  place,  and  so  on  indefinitely;  the  re- 
quisites to  the  continuity  of  the  operation  beinf^  a  constant  supply 
of  water  to. be  evaporated,  and  of  heat  to  replace  that  which  be- 
comes latent  and  is  absorbed  by  the  vapor,  combined  with  the 
prompt  removal  of  the  vapor  by  an  air  pump,  or  by  condensation 
in  a  separate  vessel. 

From  the  above  it  is  evident  that,  by  reason  of  the  great  amount 
of  latent  heat  absorbed,  evaporation  by  steam  and  in  vacuo  will 
take  place  at  a  low  temperature,  as  well  as  with  great  rapidity. 
The  rapidity  of  the  operation  will  depend,  however,  upon  the  per^ 
fection  of  the  vacuum.  It  is  impracticable  to  form  a  perfect 
vacuum;  and  a  partial  one  retards  the  operation.  If  it  contain 
vapor  this  will  occupy  the  place,  and  prevent  the  formation  of  an 
equal  quantity.  And  if  air  be  present,  the  escape  of  the  vapor 
will  be  obstructed  by  it;  as,  in  illustration,  water  flows,  swiftly 
through  an  op.n  tube,  but  finds  its  way  very  slowly  in  one  filled 
with  sand  or  other  por9Us  substances.  Practically,  the  vacuum 
pan  has  been  found  to  evaporate  with  great  comparative  rapidity, 
and  at  very  low  temperatures,  even  though  the  realization  of  a  per- 
fect vacuum  be  a  mechanical  impossibility.  Indeed,  the  skill  of 
the  machinists  of  the  present  day  is  such  that  some  of  the  vacuum 
pans  made  by  them  leave  little  or  nothing  to  be  desired,  so  that  for 
all  practical  purposes  they  may  be  considered  perfect. 

Four  different  systems  for  evaporating  in  vacuo  have  been  in- 
vented and  successfully  established:  one  by  Howard;  another  by 
Jiotbj  a  third  by  Degrand,  modified  by  D^rosne;  and  lastly  that  of 
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RilHeux.  The  vacuum  pan  of  Howard- has  not  only  the  merit  of 
priority  of  inyention,  but  also  of  being  one  of  the  simplest  and 
most  perfect,  as  well  as  the  type  from  which  the  others  are  all  more 
or  less  copie^. 

26.  Hoioard^s  vacuum  pan.--This  apparatus,  as  constructed  by 
William  Oaks  &  Son,  of  London,  consists  of  a  close  vessel^  nearly 
spherical  in  form,  and  with  a  double  bottom,  between  the  plates  of 
which  the  steam  is  received,  which  heats  the  strup  to  be  evaporated. 
A  pipe-  draws  off  from  this  double  bottom  the  water  of  condensa- 
tion, while  a  larger  pipe,  closed  with  a  movable  stopper,  and  pas- 
sing through  both  plates  of  the  double  bottom,  permits  the  sirup 
to  be  removed  from  the  interior  when  it  has  been  sufficiently  con- 
centrated. At  the  top  of  the  spherical  pan  two  pipes  enter;  one 
of  which  supplies  the  sirup  to  be  evaporated,  and  the  other  leads 
to  the  air-pump  which  is  employed  to  form  the  vacuum.  A  ther- 
mometer and  a  barometer  are  attached  to  the  pan,  hy  which  the 
temperature  and  pressure  are  indicated,  so  that  the  workmen  may 
know  exactly  the  condition  of  the  contents  of  the  pan.  And  for 
inspecting  the  sirup  itself  directly,  a  complicated  ^^proof-stick"  or 
brass  rod,  having  a  cavity  in  its  side,  passes  into  the  interior  of  the 
pan;  this  rod  may  be  drawn  out*with  a  portion  of  the  sirup  in  the 
cavity  without  admitting  the  air.  Attached  to  the  pipe  leading  to 
{be  air-putnp  there  is  a  reservoir,  intended  to  receive  and  hold  any 
portion  of  sirup  which  may  accidentally  pass  over;  and  sometimes 
the  vapor  passes  first  into  a  condenser,  where  it  is  in  part  con- 
densed by  the  injection  of  cold  water,  and  afterwards  into  the  air- 
pump;  an  arrangement  similar  to  that  used  in  Watt's  lower-pres- 
sure or  condensing  steam  engine. 

Howard's  vacuum  pan  h»s  been  variously  modified  and  improved; 
but  the  description  given  above  will  probably  serve  to  convey  an 
idea  of  all  important  features.  It  has  also  been  constructed  of  a 
different  form.  Mr.  Morgan,  of  Louisiana^  who  was  the  first  to  in- 
troduce the  vacuum  pan  into  that  State  for  the  evaporation  of  cane 
juice,  and  whose  long  experience  entitles  his  opinion  to  great  re^ 
fi^ard, 'now  uses  and  prefers  vacuum  pans  of  a  cylindrical  form. 
The  principal  objection  to  the  use  of  the  apparatus  of  Howard, 
and  which  has  prevented  its  more  general  adoption,  has  been  its 
cost.  The  results  it  has  yielded  may  be  considered  perfect  with 
respect  to  the  quality  of  the  sugar;  but  as  the  air-pump  is  worked 
by  a  steam  engine,  a  larger  outlay  or  investment  of  capital  is  re- 
quired than  many  have  been  able  to  afford.  Since  many  planters 
are,  however,  obliged  to  employ  steam  engines  for  grinding  the 
cane,  I  must  confess  that  I  am  somewhat  surprised  that  the  vacuum 
pan  has  not  been  more  generally  used  by  them.  Where  water- 
power  can  be  commanded  for  working  the  air-pump,  Howard's  pan 
may  be  employed  with  great  advantage  and  economy;  nor  would 
it  then  be  found  very  costly,  as  it  is  perhaps  the  simplest  arrange- 
ment yet  contrived. 

Whenever  a  steam  engine  is  used  to  create  the  vacuum,  there 
is  probably   no  greater   economy  of   iuel'-iu  \ht    ^m^lQ>j\Si^^\   ^i 
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Howard's  pan  than  in  the  common  trains,  with  open  kettles;  for, 
since  the  effect  is  in  both  cases  the  same^  to  wit,  the  evaporatioD 
of  a  given  quantity  of  water  from  the  juice,  we  may  fairly  conclude 
that  to  produce  that  effect  a  given  amount  of  fuel  must  be  con- 
sumed. Nor  will  it  matter  whether  the  power  developed  by  the 
combustion  of  this  fuel  be  applied  directly,  as  in  the  common 
trains  of  pans,  or  indirectly  by  means  of  a  steam  engine,  an  air- 
pump,  and  a  vacuum,  since  we  cannot  create  power  by  mechanical 
arrangements;  though  we  vary  them  never  so  intricately  and  i'nde- 
finitely. 

27.  RotVs  vacuum  pan. — To  obviate  the  necessity  and  heavy 
cost  of  the  steam  engine  employed  to  form  the  vacuum  in  Howard's 
pan,  a  different  apparatus  was  invented  in  France  by  M.  Roth, 
which  has  been  used  extensively  both  by  the  manufacturers  of  beet 
sugar  and  by  the  refiners  of  that  country.  The  vacuum  is  formed 
by  condensation  only,  in  a  large  and  separate  condenser.  .  (See 
plate  III,  figures  I,  2,  and  3.)  In  other  respects  this  apparatus  is 
very  similar  to  that  of  Howard,  above  descrioed.  To  give  greater 
beating  surface,  M.  Roth  introduced  a  serpentine  tube  into  the 
evaporating  pan,  by  which  improvement  the  syrup  is  conbentrated 
very  rapidly.  The  vacuum  forfhed  by  Roth's  apparatus  is  less 
perfect  than  that  produced  by  Howard's,  and  it  requires  a  large 
quantity  of  water — five  gallons  for  every  gallon  of  Juice  evapo- 
rated; it  can,  therefore,  be  used  only  where  there  is  a  large  supply 
of  water,  as  well  as  of  fuel.  There  is  evidently  no  more  economy 
of  fuel  in  the  use  of  this  ppparatus  than  of  open  pans,  heated  by 
steafti,  or  «lirectly  by  the  flame,  and  in  thr*  ordinary  trains.  The 
principal  advantages  are,  that  the  temperature  of  the  sirup  does 
not  exceed  175^  Fahrenheit,  and  the  small  cost  comparatively  to 
that  of  Howard's  pan.  The  systtm  of  Roth  has  not,  to  my  knowl- 
edge, been  used  in  this  country  or  in  the  West  Indies. 

28.  System  of  MM.  Derosne  and  Degrand. — The  apparatus  of 
M.  Degrand  has  of  late  years  been  used  in  France  in  the  manufac- 
ture of  beet  sugar,  and  much  preferred  to  that  of  Roth,  for  the 
reasons  that  it  requires  less  water  to  form  the  vacuum;  that  it  is 
attended  with  greater  economy  of  fu«l,  and  that  the  vacuum  need 
only  be  formed  once,  and  at  the  commencement  of  the  work.  The 
system  of  Degrand  differs  from  that  of  Roth  in  three  important 
features:  first,  in  the  form  of  the  condenser;  secondly,  in  the  use 
of  the  beet  juice  instead  of  water  for  condensation;  lastly,  in  dis- 
charging the  concentrated  sirup  into  a  close  vessel  attached  to  the 
evoporating  pan,  and  in  which  a  vacuum  has  been  formed,  so  as  to 
prevent  the  entrance  of  air  at  every  strike. 

The  condenser  is  composed  of  a  serpentine  tube,  the  folds  of 
which  lie  all  horizontally  in  one  vertical  plane,  and  the  condensa^ 
tion  is  effected  not  by  injection  of  water  within,  but  by  application 
of  beet  juice  oti  the  outside  of  this  tube.  The  juice  for  this  pur- 
pose is  permitted  lo  fall  in  fine  streams  upon  the  first  fold,  from 
which  it  descends  similarly  to  ihe  swceesslve  folds.  '  A  thin  film  of 
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jaiee  is  thus  exposed  npon  the  tube^  which,  in  condensing  the  steam 
within,  absorbs  its  latent  heat,  and  passes  off  in.  part  as  vapor  with 
the  current  of  air  which  is  established  by  the  assent  of  those  por- 
tions thereof  which  come  iii'contact  with  the  serpentine  tube  and 
mre  expanded  by  its  heat.  It  is  to  this  mutual  employment  of  the 
latent  heat  contained  in  the  vapor  of  the  more  concentrated  sirup, 
for  the  evaporation    of  a  portion   of  the   water  in   the    fresh  beet 

{'rice,  and  conversely  of  the  latter  for  the  formation  of  a  vacuum 
7  the  condi^nsation  of  the  former,  that  the  superiority  of  the  Sys- 
tem of  D^grand  must  be  ascribed.  In  all  the  preceding  arraage- 
ments,  thi^  latent  heat  of  the  vapor  from  the  sirup  has  been  per- 
mitted to  pass  off  entirely,  thereby  causing  great  loss  of  heat  and 
expenditure  of  fuel. 

M.  Derosne,  whose  name  is  connected  with  so  many  valuable  im- 
provements in  the  manufacture  of  sugar,  has  considerably  modified 
the  apparatus  of  D6grand.  Plate  IV,  figures  1  and  2,  will  furnish 
an  idea  of  this  improved  apparatus.  It  represents  the  arrange- 
ment such  as  I  have  seen  it  in  operation  in  the  island  of  Cuba,  on 
the  estate  of  Don  Villa  Urutia,  and  on  the  Amistad  estate  near 
Gaines;  and  which  arrangement  is,  I  believe,  the  present  most  ap- 
proved form.  M.  Derosne  produces  the  vacuum  by  means  of  an 
air  pump,  aided  by  a  condenser  formed  of  two  of  D6grand's  serpen- 
tine tubes,  using  the  saccharine  juice  for  condensation;  in  conse- 
quence of  which  condenser,  the  vacuum  is  maintained  readily  by  a 
far  less  powerful  and  expensive  stealn  engine  than  that  required  for 
Howard's  pan.  He  has,  also  attempted  to  heat  the  vacuum  pan  by 
means  of  the  vapor  from  sirup  evaporated  under  pressure  and  by  high 
•team  in  a  separate  and  close  vessel.  Both  of  the  evaporating 
pans  were  heated  by  internal  tubes  only,  and  were  therefore  with- 
out hollow  bottoms.  In  the  first,  the  juice,  as  it  came  from  the  ser- 
pentine condenser  was  concentrated  to  27*  Beaum6;  aAd  in  the 
second,  or  the  vacuum  pan,  it  was  then  evaporated  to  granulation. 
The  heat  contained  in  high  steam  was  therefore  used  three  times 
aaccessively,  before  it  was  allowed  to  pass  off:  first,  for  concentrat- 
ing juice  to  27^;  secondly,  for  evaporation  in  vacuo;  and,  thirdly, 
in  the  tubes  of  D^grand  for  evaporating  the  film  of  juice  on  their 
exterior  surfaces;  after  which  it  escapes.  That,  from  this  triple  use 
of  the  heat  contained  in  the  steam,  great  economy  of  fuel  should 
entfue,  follows  as  a  necessary  consequence,  but  I  have  no  knowl- 
edge of  the  result  of  the  experiment. 

29.  From  the  preceding  description  and  discussion  of  this  appa- 
ratus, it  is  evident  that  the  only  advant-age  of  the  system  of  D6- 
grand  over  the  vacuum  pan  of  Howard  is  greater  economy  of  fuel, 
resulting  from  the  successive  use  of  the  latent  heat  contained  in  the 
steam.  Both  give  perfect  results  with  respect  to  the  quality  of 
the  sugar.  A  specimen  of  sugar  made  with  D6grand's  apparatus 
on  the  Amistad  estate,  and  taken  by  myself  at  random  from  a  large 
quantity,  has  yielded  me  100  per  cent,  as  the  result  of  chemical 
analysis,  being  therefore  apparently  pure.  Its  solidity,  crystalline 
grain,  and  beautiful  transparent  whiteness,  are  a\so  e(\VL*^\  V^  N}^^^^ 
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of  refined  loaf  sugar,  for  which  it  would  be  mistaken.  To  produce 
this  result,  however,  the  use  of  boneblack  filters  is  indispensable. 
From  cane  juice  similarly  defecated  and.  decolorized,  equally  per- 
feet  results  are  obtained  with  Howard's  pan,  which  has  been 
employed  so  long  and  so  extensively  by  the  refiners,  that  its  use 
and  construction  have  been  thoroughly  studied  and  perfected  by 
practical  experience. 

The  disadvantage  of  the  system  of  Derosne  is  its  very  compli- 
cated structure,  rendering  it  extremely  difficult  of  ^manufacture, 
and  liable  to  frequent  derangement.  None  but  workmen  of  the 
highest  order  of  skill  could  either  make  or  properly  repair  such  an 
apparatus.  In  consequence  of  this  complexity,  Derosne's  appara- 
tus roust  also  be  very  expensive,  both  in  its  original  cost  and  in  its 
repairs.  In  estimating,  therefore,  the  respective  merits  of  How- 
ard's pan  and  Derosne's  train,  the  interest  on  the  capital  invested^ 
the  expense  of  repairs,  and  the  fuel  and  labor  required  by  eacb^ 
are  the  items  which  constitute  the  data  of  the  comparative  calcu- 
lation^ and  if,  after  summing  up  these  items,  it  does  not  appear 
that  the  greater  economy  of  fuel  in  Derosne's  system  exceeds  the 
difference  of  expense  in  interest,  labor,  and  repairs,  then  we  must 
conclude  that  the  new  system  of  Derosne  presents  no  advantages 
over  the  old  and  fully  tested  vacuum  pan  of  Howard.  I  regret 
that  I  have  not  the  data  requisite  to  make  this  calculation.  Per- 
haps such  dat^  cannot  at  present  be  obtained;  for  though  the  cost 
of  Derosne's  apparatus  is  known,  the  economy  of  fuel  and  expense 
of  repairs  probabJy  are  not.  The  latter  would,  of  course,  vary 
with  the  workmanship.  The  trains  which  I  examined  in  Cuba 
were  made  in  France  by  M.  Derosne  himself;  their  workmanship 
was  apparently  excellent.  The  results  which  had  attended  their 
use  it  was  impossible  to  arrive  at;  for  while  on  the  estate  of  Don 
Villa  Urutia  bankruptcy  had  been  the  consequence  of  the  experi- 
ments of  the  enterprising  owner,  the  Messrs.  Diago,  on  the  con- 
trary, were  said  to  be  realizing  immense  profits,  not,  however, 
from  the  manufacture  of  sugar  from  cane  juice  alone,  but  also  by 
buying  up  the  inferior  sugars  of  their  neighbors,  and  refining  them 
into  articles  of  the  first  quality.  It  is  a  false  rule,  however,  to 
judge  of  the  merits  of  an  invention  by  the  success  or  failure  of  par- 
ticular persons  who  may  have  used  it;  for  the  economical  result 
depends  not  less  upon  the  intelligence  and  business  habits  of  the 
individual,  than  upon  the  machine  itself. 

In  France,  and  in  the  islands  of  Guadaloupe  and  Martinique,  M. 
Derosne  has  also  introduced  his  apparatus;  but  with  what  results, 
I  have  no  accurate  means  of  knowledge.  In  the  island  of  Mar- 
tinique, MM.  L^baudy  and  Derosne  are  said  to  have  obtaiined  the 
monopoly  of  the  manufacture  of  sugar  by  Derosne's  improved 
method,  and  to  have  established  large  central  refineries.* 

In  Lousiana,  during  the  past  year,  a  Derosne  train  has  been  put 
up  on  the  plantation  of  Mr.  Lapice,  by  the  skilful  machinists  of  the 
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HoTelty  Works,  in  New  York.  Its  estimated  cost  I  understand 
to  be  not  less  than  that  df  those  in  Cuba.  From  the  results  which 
may  attend  this  enterprise  the  planters  of  the  State  of  Louisiana 
may  fairly  judge  of  the  system;  for  such  is  the  character  of  the 
vorkmanship  executed  by  those  machinists,  that  the  merits  of  the 
apparatus  will  certainly  be  fairly  tested. 

If  an  abundance  of  fuel  can  be  readily  commanded,  I  do  not 
hesitate  to  express  the  opinion  that  Howard's  vacuum  pan,  com- 
bined with  an  open  pan,  heated  by  steam  for  concentrating  the 
juice  to  27^  Beaum6,  is  decidedly  to  be  preferred  to  the  apparatus 
of  Derosne,  even  at  equal  cost,  though  the  price  of  the  latter  would 

Erobably  be  far  greater;  for  while  the  vacuum  pan  of  Howard  has 
een  fully  tested,  and  perfected  by  experience  in  its  construction 
and  arrangements,  so  that  we  may  safely  rely  upon  certainty  of 
results,  the  system  of  Derosne  is  comparatively  new  and  untried. 
Should  accidents  occur,  the  pan  of  Howard  may  be  repaired  by 
workmen  of  ordinary  skill;  but  the  complicated  and  delicate  struc- 
ture of  Derosne's  apparatus  renders  it,  perkaps,  a  task  of  no  easy 
character  to  repair  it  when  necessary;  and  if,  by  accident,  the 
work  is  at  any  time  arrested  during  the  grinding  season,  heavy  loss 
may  ensue. 

Id'  forming  an  opinion  of  the  Derosne  train,  the  quality  of  the 
■agar  manufactured  by  it  is  not  the  only  criterion  by  which  to 
judge  of  its  merits;  for  this  is  to  be  ascribed  to  the  system  of  de- 
fecation, and  to  the  use  of  boneblack  filters,  according  to  the  me- 
thod employed  in  the  beet  sugar  industry  of  France,  and  which  is 
adopted  by  M.  Derosne  for  cane  juice,  rather  than  to  the  construction 
of  his  vacuum  pan.  And  it  should  be  borne  in  mind,  that  if  the 
juice  be  first  properly  defecated,  and  then  decolorized  with  bone- 
black,  sugar  of  equal  quality  is  obtained  both  with  Howard's  and 
RUlieux's  vacuum  pans. 

30.  The  system  of  Rillieux. — The  use  of  the  latent  heat  of  the 
▼apor  jTrom  one  portion  of  sirup,  for  the  evaporation  of  another  por- 
tion, has  been  accomplished  far  more  perfectly  and  fully  by  an  ap- 
paratus invented  by  N.  Rillieux,  of  New  Orleans,  than  by  the  sys- 
tem of  M.  Derosne.  This  apparatus  has  also  the  merit  of  being  sim- 
pler, and  therefore  more  easily  constructed  or  repaired,  so  that  it 
18  less  expensive,  and  less  liable  to  derangement.  It  may  now  be 
considered  as  fully  tested,  and  as  perfectly  successful;  so  that  it 
may  be  adopted  with  entire  security  and  certainty  of  results. 

The  distinctive  feature  of  N.  Rillieux's  system  may  be  said  to  be 
the  successive  use  of  latent  heat  for  the  evaporation  of  sirups,  by  a 
■eries  of  similar  boilers  or  close  evaporating  pans — each  being 
heated  by  the  vapor  from  the  preceding  one,  and  in  turn  furnish- 
ing heat  to  the  succeeding  pan.  The  first  of  the  series  is  heated 
by  exhaust  steam  from  the  steam  engine  used  for  grinding  the  cane, 
and  from  the  pumping  engine,  and  the  last  is  used  as  a  vacuum 
pan  for  concentration.  The  vacuum  is  produced  by  means  of  an 
air-pump  worked  by  a  small  steam  engine.  Any  one  of  the  series 
of  pans,  at  pleasure,  may  also  be   connected   due^ll^  mVVi  \Vl^ 
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steam  pipes,  by  means  of  cocks  and  tubes  suitably  arranged;  so 
that  it  may  at  any  moment  be  heated  by  high  steam  if  desired. 
The  pans  are  cylindrical,  and  are  heated  by  numerous  internal 
tubes;  they  therefore  resemble  somewhat  the  boiler  of  the  locomo- 
tive engine  as  at  present  usually  constructed.  The  series  consists 
of  either  three  or  four  pans;  but  the  number  might  be  extended,  if 
the  increase  would  give  Sufficient  additional  advantage  to  render 
it  expedient.  (Plates  Y,  YI,  and  VII,  and  the  descriptive  text, 
will  give  an  idea  of  this  system.) 

This  apparatus  is  constructed  by  Messrs.  Merrick  and  Towne,  of 
Philadelphia,  machinists  of  established  reputation  for  intelligence 
and  superior  skill,  and  who  have  become  the  assignees  of  Rillieux's 
patent.  To  the  excellence  of  the  workmanship  of  these  gentle- 
men, no  less  than  to  the  merits  of  the  system  itself,  is  to  be  attrib- 
uted its  entire  success. 

The  beauty  and  superior  grain  of  the  sugar  manufactured  by 
those  who  have  adopted  Rillieux's  train  does  not  depend,  how- 
ever, upon  the  merits^f  that  train  alone.  The  juice,  after  defeca- 
tion with  lime  in  defecators  similar  to  those  employed  by  the  beet- 
sugar  makers  of  France,  and  described  in  section  2,  is  filtered  first 
through  cloth,  and  then  through  boneblack;  after  which  it  passes 
successively  into  the  first,  second,  and  third  boilers.  In  the  third 
boiler  it  is  concentrated  to  27^Beaum6;  and  it  is  then  again  filtered 
before  it  enters  the  fourth  or  last  pan,  to  be  evaporated  in  vacuo. 
The  filters  employed  are  the  leaf  filter  of  Lovering,  and  the  .filter 
Dumont.  If  a  train  of  three  boilers  be  used,  then  the  juice  is  con- 
centrated to  27°  in  the  second,  and  evaporated  in  vacuo  in  the 
third.  From  the  above,  it  is  evident  that  Rillieux  adopts  the  me- 
thod employed  in  France  for  clarifying  beet  juice,  and  which  has 
been  applied  successfully  to  the  juice  of  the  cane  in  the  West  In- 
dies, as  above  mentioned.  And  if  cane  juice  be  thus  treated,  a 
perfect  article  will,  as  already  stated,  be  manufactured  from  it  bv 
evaporation  in  vacuo,  whatever  may  be  the  vacuum  pan  employed. 
While,  therefore,  we  must  ascribe  to  N.  Rillieux's  system  of  boilers 
the  advantage  of  superior  economy  in  the  use  of  fuel,  and  to  the 
apparatus,  as  executed  by  Messrs.  Merrick  and  Towne,  the  merit 
of  simplicity,  and  consequent  perfection  of  mechanical  arrange- 
ment, as  well  as  of  excellent  workmanship,  we  yet  must  consider 
other  systems  as  equally  capable  of  producing  sugars  of  perfect 
quality  in  grain  and  color,  provided  they  be  properly  combined 
with  filtration  and  the  use  of  boneblack. 

To  planters  wlio  are  obliged  to  depend  greatly  upon  the  begassa 
of  the  crop  for  their  supply  of  fuel,  Rillieux's  system  presents 
great  advantages  over  all  others;  for  the  economy  of  fuel  is  so 
great  in  it  that  the  begassa  alone  is  amply  sufficient  for  the  crop, 
even  in  Louisiana  where  the  immature  nature  of  the  cane  and  the 
humidity  of  the  climate  are  far  less  favorable  for  drying  begassa, 
and  where,  therefore,  this  article  is  much  inferior  to  that  used  in 
the  West  Indies.  But  if  fuel  be  abundant,  an  open  steam  evapor- 
ating pan  for  concentration  to  27^  Beaume,  and  a  simple  vacuum 
patn^  either  that  of  Howard  or  that  of  Rillieux,  will  give  equally 
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satisfactory  results;  the  juice  being  in  each  case  similarly  defe- 
cated and  filtered  through  boneblack. 

When  in  Louisiana  I  visited  the  plantation  of  Messrs.  Benjamin 
and  Packwood,  at  their  invitation,  and  carefully  examined  the  ap- 

;aratus  of  Rillieux,  constructed  for  them  by  Messrs.  Merrick  and 
'owne.  From  what  I  learn  from  those  intelligent  gentlemen,  as 
well  as  from  what  I  then  saw,  I  can  bear  witness  to  the  entire  suc- 
cess of  the  system. 

31.  The  following  communication  of  Mr.  T.  J.  Packwood,  ex- 
tracted from  the  New  Orleans  Bee,  will  be  of  interest  to  many: 

"  Myrtle  Grove,  1844. 

"Dear  Sir:  Your  favor  of  the  12th  instant  has  been  received, 
and  with  pleasure  I  reply  to  your  inquiries  respecting  Mr.  Kil- 
lieux^s  apparatus. 

"  Mr-  R.  contracted  to  furnish  me  with  an  apparatus  for  the  fab- 
rication of  sugar  entirely  by  steam;  that  the  quantity  of  molasses 
should  be  reduced  to  the  half  of  that  produced  by  the  old  process; 
that  the  sugar  made  from  it  should  be  equal  to  that  produced  by  a 
vacuum  pan,  without  any  refining  process;  that  it  should  be  capable 
of  producing  an  average  of  12,000  lbs.  of  sugar  within  24  hours; 
and  that  the  fuel  consumed  should  be  not  more  than  one-third  of 
the  quantity  used  by  the  usual  method  in  open  kettles. 

"I  have  finished  my  crop,  and  made  the  last  30  hogsheads  with 
his  apparatus,  from  a  piece  of  my  poorer  cane.  The  production  of 
molasses,  I  believe,  is  greatly  reduced.  The  quality  of  the  sugar 
is  improved  about  one-half  in  value  over  that  produced  from  the 
Mme  cane  in  my  set  of  kettles.  I  am  satisfied  that  with  the  ap- 
paratus I  shall  make  the  next  crop  into  white  sugar,  without  the 
use  of  moulds  and  liquoring.  The  apparatus  made  at  the  rate  of 
18,000  lbs.  per  24  hours,  ami  boiled  as  much  cane  juice  as  my  mill 
could  furnish;  and  it  is  my  opinion  that  it  can  produce  a  much 
greater  quantity  in  the  same  period. 

^'  The  apparatus  is  very  easily  managed,  and  my  negroes  became 
acquainted  with  it  in  a  short  time.  To  produce  the  above  quan- 
tity of  sugar  by  the  old  process,  I  should  have  employed  my  two 
sets  of  kettles  boiling  together.  My  sugar  mill  and  the  apparatus 
were  driven  together  by  my  engine,  and  I  am  convinced  that  the 
begassa  of  the  previous  year,  which  generally  forms  about  a  third 
of  my  fuel,  would  have  been  sufficient  to  have  made  my  entire  crop. 
The  Vnachine  is  elegant  in  its  proportions,  solid  in  its  fixtures,  and 
rccupies  a  very  small  place  in  my  sugar-house.  I  must  confess 
that  when  I  first  contracted  with  Mr.  R.,  I  did  not  imagine  that 
the  apparatus  would  have  been  so  complete.  Every  part  is  ar- 
ranged with  the  greatest  care,"  and  is  very  durable.  It  worked,  I 
ma;  say,  withdut  any  accident;  and  is  ready  for  the  next  crop,  as 
new  and  clean  as  it  was  the  first  day.  I  account  as  nothing  a 
leather  band  which  was  temporarily  employed  by  Mr.  R.  to  drive 
the  apparatus!  instead  of  a  connecting  rod,  which   was  then   not 
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^'I  am  happy  to  add,  that' I  consider  Mr.  Rillieut  as  completelj 
successful,  and  as  having  satisfied  every  condition  of  the  contract 
which  he  passed  with  me. 

^^I  had  many  opportunities  of  admiring  the  ability  and  ingenuity 
of  Mr.  R.,  and  I  do  not  hesitate  to  declare  that  he  is  highly  de- 
serving of  credit,  and,  in  every  respect,  to  the  full  confidence  of 
the  sugar  planters  of  Louisiana. 

"  Very  respectfully,  yours, 

"T.  J.  PACKWOOD. 
"  To  the  Editor  of  the 

^€w  Orleans  Bee.^^ 

32.  The  following  report  of  a  committee  of  the  Agriculturists  and 
Mechanics'  Association  of  Louisiana  upon  sugars  exhibited  at  the 
annual  State  fair,  held  by  that  association  on  the  5Eh  of  January^ 
1846,  embodies  information  respecting  the  results  not  only  of  Ril- 
lieux's  method,  but  also  of  other  enterprises  in  that  State. 

The  report  is  so  succinct  and  complete,  and  the  views  taken  in 
it  by  them  seem  to  be  so  sensible,  that  I  here  insert  it  nearly  en- 
tire; with  the  remark,  however,  respecting  Mr.  Morgan's  experi- 
ments, that  if  the  attempt  to  employ  open  steam  pans  for  concen- 
tration to  25^,  and  a  vacuum  pan  for  striking,  proved  unsuccessfnli 
as  stated  by  the  committee,  it  would,  in  my  opinion,  have  certainly 
succeeded,  had  the  cane  juice  been  previously  filtered  throughbone- 
black — an  operation  which,  I  have  been  informed,  Mr.  Morgan  does 
not  perform,  but  which  is  doubtless  indispensable  if  we  would  ob- 
tain perfect  results.  « 

*^  SPECIAL  REPORT  ON    SUGAR,   FROM    THE    COMMITTEE    FOR    THE    AGRI- 
CULTURAL  DEPARTMENT. 

^^  Amongst  the  samples  of  sugar  which  were  exhibited  at  the  fairi 
the  committee  has  paid  special  attention,  and  has  awarded  premi- 
ums, 1st,  to  Packwood's;  2d,  to  Packwood  &  Benjamin's,  3d,  to 
Yerloin  Degruy's;  the  first  and  second  made  byN.  Rillieux's  patent 
sugar-boiling  apparatus,  and  the  last  by  N.  Rillieux's  vacuum  pan. 
The  committee  have  been  struck  by  the  unrivalled  beauty  of  the 
samples  laid  before  the  association.  They  considered  it  as  their 
duty  to  make  deep  inquiries  about  a  matter  so  closely  connected 
with  the  interest  and  welfare  of  the  entire  State.  They  are  now 
ready  to  report  the  result  of  their  investigation  on  the  new  pro- 
cess of  manufacturing  one  of  the  staples  of  Louisiana. 

"The  sugar  which  has  been  exhibited,  coming  from  Packwood's 
plantation,  is  made  from  sirup  without  any  additional  clarification, 
and  the  strike  is  put  in  coolers  and  hogsheads  as  customarily;  and 
this  sugar,  although  termed  brown,  is  white,  being  equal  in  color 
to  the  white  Havana  sugar:  it  has  a  larger  and  harder  grain,  and  ii» 
perfectly  free  from  molasses  after  having  remained  but  six  days  in 
hogsheads. 

"  The  molasses  sugar  from  the  same  plantation  is  equal  to  the! 
best  prime  brown  sugar  made  by  \\x^  oVd  \jtoc^^^. 
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^'  The  samples  from  Packwood  and  Benjamin  are  of  loaf  sugar 
nade  directly  from  the  cane  juice.  The  sirup,  without  additional 
clarification,  gives  strike,  which  is  put  at  once  into  moulds,  and 
:ke  sugar  obtained  is  twice  liquored.  This  sugar  is  perfect  in  color, 
the  grain  is  beautiful,  and  may  support  competition  with  northern 
refined.  The  entire  crop  of  700  hogsheads,  taken  on  this  plantation 
this  year,  shows  what  unknown  treasures  the  sugar  planters  may 
extract  from  the  bottom  of  their  soil. 

'^Two  entire  crops,  taken  from  Packwood's  plantation,  fully  prove 
the  following  facts:  1st,  not  a  shade  of  coloring  matter  is  developed 
from  the  beginning  to  the  end  of  the  boiling  in  N.  Rillieux's  pa- 
tented apparatus;  2d,  the  quantity  of  molasses,  which  was  cus- 
tomarily sixty  gallons  per  hogshead  of  sugar^  is  reduced  to  fifteen 
gallons — the  surplus  is  represented  by  an  equivalent  weight  of 
sugar;  3d,  this  apparatus  may  be  worked  by  the  hands  on  the  plan- 
tation, without  any  experienced  sugar  maker;  4th,  the  economy  of 
fuel  is  such  that  the  begassa  is  more  than  sufficient  to  take  the  crop. 
On  considering  this  last  circumstance,  it  becomes  rather  difficult  to 
conceive  how  far  our  sugar  production  may  be  extended;  for,  im- 
pelled by  their  energetic  and  enterprising  feelings,  our  race  may, 
and  doubtless  will,  turn  every  prairie  and  woodless  land  of  the 
State  into  sugar  cultivation. 

'^  We  are  informed  that,  besides  the  two  aforesaid  plantations, 
several  others  will  work  the  next  crop  by  this  new  process.  J.  B. 
Armant,  of  St.  James,  one  of  the  oldest  and  most  respectable  plant- 
ers of  the  State;  A.  Lesseps,  of  Plaquemine;  Yerloin  Degruy,  of 
Jefferson;  Chauvin  and  Levois,  of  St.  Charles,  are  highly  com- 
mendable for  their  enterprising  spirit.  After  a  careful  examination 
of  the  facts,  and  obtaining  on  the  two  above  plantations  satisfac- 
tory evidence  of  the  entire  success  of  the  apparatus,  they  did  not 
hesitate  to  incur  the  apparently  great  expense  which  its  adoption 
requires.  We  use  the  words  apparently  great  expense,  for  the  profit 
arising  during  a  first  crop  fully  repays  the  expenses.  This  is  proved 
by  the  following  table,  which  we  lay  before  the  association. 

^^It  shows  three  different  instances  of  plantations  on  old,  ordi- 
nary, and  new  land;  in  other  words,  lands  giving  by  the  common 
process  40,  50,  and  60  gallons  of  molasses  per  1,000  pounds  of  su- 

f;ar.    It  will  be  perceived  that  as  the  customary  proportion  of  mo- 
asses  is  greater,  the  larger  is  the  profit. 

'^  Vfe  have  based  our  calculations  upon  the  quantity  of  cane 
juice  necessary  to  obtain  1,000  pounds  of  sugar  by  the  common 
process: 
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fn  condensing  the  above  we  6nd  that  the  profit  on  a  crop  of 
}0,000  pounds  deriytd  from  the  new  process,  and  above  the  com- 
on,  is  as  follows: 

I                                                                                               Bough  sugar.  Liqaorcd  sogar. 

n.  Old  land > $24^978  $34,698 

1,   Ordinary  land , •.      27,798  37,728 

L  New  land ..*.,,_.*,. *,,,,*     30,618  40,608 

•*We  are  informed  that  the  advances  incurred  by  the  planters  to 
bke  a  yearly  crop  of  600,000  pounds  by  this  apparatus  are  $20,500 

Inblain  roiigh  sugar,  and  $24,500  to  make  liquored  sugar. 
^This,  certainly,  h  a  matter  worthy  of  a   minute  investigation, 
ad  we  beg  every  one  to  go  and  ascertain  for  himself  facts  so  highly 
eserving  notice.     We  hope,  at  the  next  fair,  a  modal  of  this  new 
pparatus  will  be  exhibited  by  the  inventor. 

*'The  sugar  made  by  Verloin  Degruy,  esq.,  of  Jefferson,  was  also 
pecially  considered  by  this  committee.  On  his  plantation  the  cane 
lice  is  boHed  in  tbe  common  set  ef  kettles;  and  when  the  sirup 
eaehes  25  or  28  degrees,  ii  is  finished  and  granulated  in  N*  Rj[- 
eux*s  vacuum  pan.  The  sugar  thus  made  is  excellent  in  color, 
nd  of  a  coarse  and  very  bright  grain.  It  must  be  classed  ahead 
I  prime  brown  sugar,  and  we  did  not  hesitate  to  .award  it  a 
iremium  ex  tquo  wiih  Packwood's  sugar,  although  its  intrinsic 
mlue  is  much  lowerj  because  the  expense  is  small  (not  above 
3,000)  and  the  process  exceedingly  simple.  In  relation  to  this, 
re  puhlish  the  following  letter  written  by  Mr.  Verloin  Degruy 
tmself: 

fo  (Ae  CQmmitiee  for  the  agriculturai  dtpartmtni  of  ike  JlgricuU 
tural  and  Mtchanics*  Association  of  Louisiana: 

Paeish  of  Jeffeesoit, 

January  9,  1846, 

1*Gehtlemen;  I  reply  to  your  inquiries  about  N.  Rillieux'sFacuiim 
used  on  my  plantation: 

^The  sugar  which  has  been  exhibited  at  Baton  Rouge  fair,  held 
iuyary  6,  1846,  is  the  average  sample  of  my  crop  taken  up  by  N. 
lillteux's  vacuum  pi*n,  a.id  it  is,  compared  with  sugar  made  by  the 
;ommon  process,  one  cent  at  least  in  advance.  I  have  been  offered, 
md  have  refused,  6g  cents  for  my  sugar*  I  calculate  that  the 
irofita  derived  from  ihis  machine  fully  repay  this  year  its  purchase 
ifice.  During  all  the  crop  I  had  this  vacuu'n  pan  very  easily  man- 
Lged,  and  it  worked  satisfacloiily  and  without  interuption,  with 
rteam  from  roy  common  boilers  and  water  from  my  pond;  and  I 
DUit  say,  also,  that  I  highly  recommend  Mr.  N.  Rillieux  to  the 
stiblic  patronage,  on  account  of  bis  full  and  plain  compliance  with 
prrrytefm  and  condition  of  the  contract  whi^  h  he  passed  with  me, 
fc^I  am  now  makLNg  very  tiEie  su^ar  with  can  a  so  sour,  that  I  be* 
liTe  it  will  be  impossible  to  make  sugar  with  them  by  the  comoioit' 
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process;    and  the   quEDtity  of    molasses   is  scarcely  more^   if 
than  with  my  best  canes  before  the  frost* 

'Respectfully^  yours, 

'F.  VERLOIN  DEGRUY.' 

"We  must  add  J  bs  a  remark  worthy  of  great  interestj  especiall^' 
for  the  sugar  planters  of  our  northern  parisbes,  that  Mr  F,  Verloin 
Degroy  obtained  m  rery  good  sugar  at  tbe  beginning  of  his  crop 
with  cane  juice  at  6  saccharine  degrees;  and  that  on  the  three 
above  plantations  the  sugar  stood  equally  good  with  acid  juice  from 
frozen  canesy  wkich  would  have  produced  nothing  but  molasses  i^^. 
the  common  process.^  ^M 

*^In  conclusionj  we  must  say  that  in  our  opinion  N*  Rillieux*! 
patent  sugar*boiling  apparatus  and  vacuum  pans  deserve  special 
jiolicej  as  well  for  the  ingenuity  displayed  in  their  arrangement  as 
for  their  perfect  construction,  by  Merrick  Sl  Towne,  owners  of  the 
Southwark  foundry,  in  Philadelphia^  and  assignees  of  N.  Rillieux'i 
patent. 

"We  consider  it  as  our  duty,  before  ending  this  report,  to  throi. 
a  retrospective  view  on  several  improvements  tried  this  year  in  the 
art  of  manufacturing  sugar. 

''We  have  heard  something  said  in  very  laudatory  terms  of 
new  process  of  clarifying  the  cane  juice,  from  the  honorable  F^ 
Garcia,  of  St.  John  the  Baptist,  jointly  with  Bertrand,  apothecarj 
of  New  Orleans.  We  report  this  only  as  a  rumpr,  for  the  abov 
gentlemen  did  not  think  proper  to  explain  their  process  or  make  ail 
exhibition  of  it  at  the  State  fair.  We  will  say  the  same  also  in  re- 
lation to  Debreton-a  mode  of  clarifying  the  cane  juice*  In  con- 
clusion, we  feel  we  are  bound  to  add  that  planters  must  guard 
themselves  against  any  system  that  includes  secret  clarifying  agents 
and  be  wary  of  making  use  of  sugar  of  lead  or  sulphate  of  zinc, 
which  are  poisons  endangering  the  public  health;  and  not  being 
necessary  to  produce  the  best  quality  of  sugar,  there  can  be  no 
apology  for  their  use* 

"During  the  past  season  there  were  several  attempts  to  introduce 
new  machinery.  Amongst  them  there  wer«  several  vacuum  pans: 
one  put  up  on  Mr.  Maunsel  Whitens  plantation,  in  Plaquemine,  but 
which  was  not  ready  in  time.  The  delays  have  endangered  a  great 
part  of  his  crop.  Another  vacuum  pan  on  Judge  Butler's  planta-. 
tion,  at  Grand  Caillou,  has  given  sugar  of  a  very  large  grain;  but 
the  owner  did  not  use  it  for  his  whole  crop,  and  made  only  a  few 
hogsheads  of  sugar  with  it,  for  reasons  which  we  are  unable  iQ 
to  assign*  At  Thomas  A,  Morgan's,  of  Plaquemine,  (the  first 
planter  who  ever  boiled  sirup  by  vacuum  pans  in  this  State^)  trials 
have  been  made  to  concentrate  the  cane  juice  up  to  25  degrees  by 
steam.  lie  has  set  up  three  open  steam  kettles  and  a  new  vacuum 
pan  for  that  purpose,  at  an  expense  of  about  $8,000,  and  we  regret 
to  say  that  a  planter  of  such  enterprise  did  not  succeed  in  bis  ex* 
pectation. 
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^divreral  open  pans  of  Mapes'  construction,  and  from  Stillman's 
vorksi  have  been  used.  These  pans  work  well,  but  it  remains  dif- 
ficult to  decide'  if  they  present  any  advantages  over  the  common 
worms,  which  are  cheaper  and  easier  to  be  kept  in  good  order. 

"The  honorable  Judge  P.  A.  Kost,in  his  oration  delivered  on  the 
13tk  of  May  last,  mentioned  a  new  apparatus,  embracing  all  that 
had  been  found  valuable  in  the  others,  then  in  course  of  construc- 
tion by  Stillman  &  Co.,  of  the  Novelty  Iron  Works,  New  York, 
for  Mr.  Yalcour  Aime  of  St.  James.  We  regret  to  say  that  the 
trial  of  this  enterprising  gentleman,  and  of  which  so  great  a  profit 
was  expected  for  our  country,  has  proven  unsuccessful.  Let  us 
hope  that  with  the  alteration  which  he  contemplates  at  present,  he 
will  succeed  to  take  in  his  next  crop.  We  are  informed  that  he 
has  expended  this  year  $22,000  for  un  apparatus  to  make  18  hogs- 
heads a  day,  and  that  the  contract  for  the  new  alterations  proposed 
amounts  to  $8,000.  Rarely  do  we  find  a  planter  ready  to  go  into 
SQch  expensive  trials  for  the  welfare  of  the  community;  and  we  do 
not  hesitate  to  give  him  all  the  encouragement  on  behalf  of  our 
association;  but  at  the  same  time,  let  this  example  remain  as  a 
striking  warning  to  our  planters.  Is  it  to  their  interest  to  make 
Sack  trials — always  costly,  often  ruinous?  We  do  not  recommend 
such  pursuit.  Here  is  the  case  of  a  planter  known  in  the  entire 
State  for  his  practical  knowledge,  and  who  may  b'^  ranked  amongst 
the  most  talented  men  of  our  community,  expending  $30,000,  and 
being  yet  uncertain  of  the  resMlt.  Is  it  prudent  to  follow  the  same 
coarse?  shall  we  run  the  chance  of  losing  large  advances,  besides 
a  part,  of  our  crop  ]* 

^^In  our  opinion,  the  planters  are  to  be  governed  by  other  rules: 
they,  we  believe,  must  adopt  what  has  already  been  tried,  and 
nothing  but  what  has  been  proved  unquestionably  successful. 

**  We  congratulate  our  country  on  the  spirit  of  enterprise  which 
prevails.  The  competition  evinced  in  the  improvement  of  the 
manufacture  of  sugar  shows  energetic  feelings  amongst  our  planters; 
and  if  on  the  one  hand  we  recommend  prudence,  let  us  also  en- 
courage a  spirit  which  will  turn  to  the  benefit  of  the  community, 
and  will  prove  more  and  more  economical  and  profitable  to  the 
great  staple  of  Louisiana." 

33.  Although  the  application  of  the  principle  of  employing  the 
latent  heat  of  vapor  to  the  particular  use  of  manufacturing  sagar 
with  economy  of  fuel  was  first  made  by  D^grand  and  Rillieux,  and 
by  means  of  very  different  forms  of  apparatus,  yet  the  principle 
itself  is  neither  one  lately  discovered,  nor  but  recently  applied  ia 
other  branches  of  industry.  It  has  long  formed  a  part  of  the  es- 
tablished  sqience  of  applied  physics;  and  from  a  standard  work|f 
which  has  been  generally  and  familiarly  known  for  nearly  twent^ 
years,  I  translate  the  following  passages: 


*  See  Appendix,  note  H. 

t  P^let,  Traits  de  Chaleur,  t.  2,  p.  300;  Patls,  l^2S. 
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founder  certain  circumstaDces  we  may  make  use  of  a  part  of  the 
latent  heat  of  the  vapor  which  is  disengaged  to  heat  liquids,  con- 
tained in  other  boilers,  and  produce  in  them,  a  gentle  evaporation. 
It  is  this  arrangement  that  I  designate  by  the  name  of  an  apparatus 
of  double  eflfect,  appareil  a  double  effet. 

<^We  may  likewise  employ  the  latent  heat  of  the  second  vapors 
for  heating  other  vessels;  but  the  second  boilers  must  then  of  ne- 
cessity be  close,  and  the  liquid  must  attain  in  them  the  temperature 
of  ebullition.  Hence  the  liquid  in  the  first  -boilers  must  be  sub* 
jected  to  a  pressure  greater  than  that  of  the  atmosphere.        ' 

"In  all  the  large  systems  of  evaporation  where  the  work  is  con- 
tinuous, such  as.  thoFe  of  salines,  for  the  soda  factories,  &c.,  nine 
or  ten  parts  of  steam  for  every  one  of  coal  may  be  disengaged  by 
a  suitable  arrangement;  whereas  generally  five  or  six  parts  only  is 
the  result  obtained." 

The  brewers  have  long  applied  the  above  described  principle  in 
the  evaporation  of  wort.*  But  its  combination  with  a  vacuum  pan^ 
and  heating  by  steam,  as  well  as  its  application  to  the  sugar  in- 
dustry, was  certainly  the  invention  of  M.  D6grand  and  Mr,  RiU 
lieux,  independently  of  each  other.  The  idea  of  the  successive  use 
of  latent  heat  is,  however,  carried  out  distinctly  and  completely 
only  by  Killieux;  and  the  use  of  latent  heat  constitutes  apparently 
only  a  secondary  feature  in  D^grand's  serpentine  tube,  the  princi- 
pal office  of  whicn  is  condensation  within  by  the  cooling  influence 
of  evaporation  by  exposure  of  a  large  surface,  moistened  with  a 
thin  film  either  of  water  or  saccharine  juice,  to  the  action  of  the 
air. 

The  advantage  of  Killieux's  mode  of  successive  employment  of 
the  same  beat  may  be  readily  shown  by  a  simple  calculation.  As 
we  have  already  stated,  the  total  amount  of  heat  contained  in 
steam  of  any  pressure  is  equal  to  1212°  Fahrenheit.  If,  therefore! 
the  quantity  of  water  converted  in  the  engine  boiler,  at  the  tem- 
perature of  250^  Fahrenheit,  into  high  steam  of  the  pressure  of  twa 
atn^ospheres,  be  represented  by  a,  we  shall  have 

1212  a  =  250  a  +  962  a. 

In  condensation  this  steam  will,  therefore,  retain,  and  either  re- 
store to  the  engine  or  carry  off  by  a  waste  pipe,  the  quantity  (260  a) 
of  free  heat;  while  the  962  a  of  latent  heat  will  be  imparted  to  the 
first  of  the  series  of  evaporating  pans. 

For  the  sake  of  simplicity,  we  will  suppose  the  series  of  pans  ta 
contain  water  instead  of  cane  juice,  and  that  the  quantity  in  each 
is  equal  to  that  originally  converted  into  high  steam,  and  which  we 
have  denoted  by  a  in  the  above  equation;  also,  that  the  pressure  in. 
each  pan  is  the  same,  and  equal  to  the  ordinary  atmospheric  pres- 
sure.    Let  Xj  x'y  x",  x'"  represent  respectively  the  quantities  of 


♦See  P6clet,  Trait<;  de  Chaleur,  t.  2,  p.  602;  also,  Ure's  Dictionary  of  ArU;  article^ 
Beer. 


263  L  50  ] 

wmter  which  remain  uneyaporated  in  the  boilers,  and  y^  y',  y"y  y''^ 
tbe  portions  ev&porated,  then  we  shall  have,  for  the  first  pan, 

962  a  =  212  X  +  1212  y, 
a  =  X  -{-  y; 

Hence,  by  elimination, 

a:  ===  0.25  a;  and  y  =  0.75  a. 

Three-fourths  of  the  contents  of  the  first  pan  will  therefore  be 
converted  into  steam,  and  will  pass  over  into  the  heating  tubes  of 
the  second  boiler.  In  these  tubes  this  steam  will  be  condensed| 
and  the  portions  of  heat  retained  and  communicated  will  be  ex- 
pressed by  the  first  and  second  terms  of  the  last  member  of  the 
equation  : 

1212  y  =  212  y  +  1000  y. 

We  have,  therefore,  1000  y  =  750  a  for  the  value  of  the  heat 
imparted  to  the  contents  of  the  second  boiler. 

By  similar  reasoning,  we  obtain  : 
Vot  tJie  second  boiler.) 

750  a  =  212  x'  +  1212  y';  x'  +  y'  =  a; 

and  therefore, 

x'  =  0.462  a;  y'  =  0.538  a. 

For  the  third  boiler, 

63g  a  =  212  X"  +  1212  y";  x"  +  y"  =x=  a; 
x"  =  0.674  a;  y''  =  0.326  a. 

And  lastly,  for  the  fourth  boiler, 

326  a  =  212  x'"  +  1212  y"';  x'"  +  y'"  =  a; 
which  give 

x'"  =  0.886  a;  y"'  =  0.114  a. 

The  total  amount  of  water  evaporated  will  be  expressed  by  the 
equation: 

S  =  y  +  y'  +  y"  +  y"'; 

or|  by  substitution  and  addition, 

S  =  1.728  a. 
If-three  boilers  only  be  used,  we  shall  have 

S  =  1.614  a. 
And  if  but  two,  then 

S  =  1.288  a. 
From  the  value  obtained  for  y' '  it  follows  that  the  steam  devel- 
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oped  in  a  fifth  boiler  would  be  a  negative  quantity;  or,  in  other 
words,  the  heat  imparted  to  a  fifth  boiler  would  be  insufficient  even 
to  heat  its  contents  to  212°  Fahr.  This  is  also  evident  from  the 
fact  that  the  amount  thus  imparted  would  be  only  114^.  A  fifth 
boiler  would,  therefore,  add  nothing  to  the  amount  of  water  evap- 
orated under  atmospheric  pressure. 

In  the  preceding  calculations  I  have  supposed  the  contents  of 
each  pan  to  be,  before  heating,  of  the  temperature  indicated  by 
the  zero  of  Fahrenheit's  thermometer,  a  temperature  much  below 
that  which  cane  juice  would  ever  be  subjected  to  in  sugar-making 
countries.  Nor  has  the  effect  of  diminished  pressure  produced  by 
an  air-pump,  or  by  the  condensation  of  escaping  .vapor,  been  taken 
into  consideration  in  them.  For  both  of  these  variations  in  the 
circumstances  under  which  the  operation  is  actually  performed, 
corrections  must  be  applied  which  would  considerably  augment  the 
calculated  result;  other  corrections  arc  also  required  for  heat  lost 
by  radiation,  by  the  conducting  and  absorbing  influence  of  the  me- 
tal and  of  other  bodies,  by  currents  of  air,  &c.;  for  which  correc- 
tions no  accurate  values  can  be  assigned,  except  by  experiment  in 
each  particular  case.  Hence,  we  may  justly  infer  that  the  proba- 
ble value  obtained  by  the  calculation  given  above  approximates 
nearly  to  the  actual  effective  result,  as  the  corrections  to  be  applied 
compensate  each  other.* 

Section  V. — On  crystallization. 

1.  Substances  which  pass  from  the  liquid  to  a  solid  state  usually 
assume  regular  geometrical  forms.  And  this  symmetrical  arrange- 
ment of  the  particles,  or  crystallization,  is,  therefore,  not  the  re- 
sult of  accident,  but  of  certain  arranging  forces,  which  operate  with 
perfect  regularity,  and  depend  upon  the  chemical  nature  of  the 
substance  itself.  The  general  laws  which  those  forces  obey,  and 
the  circumstances  which  modify  their  action,  are  important  facts 
not  only  to  theoretical  science,  but  to  all  branches  of  industry,  the 
successful  results  of  which  depend  upon  the  proper  formation  of 
crystalline  bodies.  A  knowledge  of  the  subject  of  crystallization 
is,  therefore,  of  such  value  to  the  sugar  manufacturer  that  I  have 
thought  it  proper  to  enumerate  succinctly  the  principal  results 
which  practical  experience  and  chemical  science  have  established, 
although  they  may  be  found  fully  stated  and  discussed  in  the  more 
complete  treatises  on  chemistry. f 

The  more  gently  and  slowly  crystallization  takesplace  the  larger 
and  more  perfect  will  be  the  crystals.  If  it  occur  rapidly,  the  crys- 
tals will  therefore  be  small  and  confused. 

While  repose  causes  crystallization  to  be  both  slow  and  regular^ 
mechanical  agitation  accelerates  it,  but  renders  the  crystals  minute 
and   irregular.     Hence    rock    candy   is    made    by    allowing    sirup 


*  See  Appendix,  note  H. 

/  See  BerzelioB,  Traits  do  Chimiej  or  Damaa,  Trait6  de  Chim.  Appliq.  aox  Arts. 
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slightly  concentrated  to  evaporate  gently  in  a  stove,  -^hUe  fine- 
grained loaf  sugaf  is  the  result  of  agitation  and  rapid  solidification. 

Foreign  substances,  especially  those  of  a  porous  nature,  encrust 
themselves  with  crystals  in  crystallizing  solutions.  Hence  the  use 
of  threads  in  the  manufacture  of  rock  candy;  and  similarly,  the 
manufacturers  of  blue  vitriol  make  use  of  sticks,  upon  which  the 
salt  crystallizes,  and  by  which  it  is  then  readily  removed. 

Crystals  already  formed  act  even  more  energetically  than  porous 
bodies;  and  such  is  their  influence,  that  we  may  obtain  from  a  so- 
lution of  two  salts  either  the  one  or  the  other,  at  pleasure,  by  im- 
mersing a  crystal  of  the  salt  we  wish  to  separate.  If,  for  instance, 
we  dissolve  two  parts  of  nitre  and  three  of  sulphate  of  soda  in  five 
of  warm  water,  and  pour  the  solution  into  two  flasks,  filling  them 
each;  then  if  we  put  a  crystal  of  nitre  into  one,  and  a  crystal  of 
sulphate  of  soda  into  the  other,  and  place  them  both  in  a  mixture 
of  water  and  powdered  ice,  there  will  be  formed  in  the  one  only 
crystals  of  nitre,  and  in  the  other  only  crystals  of  sulphate  of 
soda. 

Crystals  of  larger  size  and  modified  form  may  be  made  by  the 
increase  produced  by  immersion  in  saturated  solutions;  and  large 
crystals  will  even  grow  at  the  expense  of  smaller  ones  in  the  same 
solution,  if  exposed  to  changes  of  temperature.  When  the  temper- 
ature rises,  the  solution  becomes  stronger,  by  dissolving  a  portion 
of  the  crystals;  but  when  it  cools  again  the  matter  thus  taken  up 
will  be  deposited  chiefly  upon  the  large  crystals;  so  that,  after  a 
while,  the  smaller  crystals  will  entirely  disappear. 

In  solutions  allowed  to  crystallize  quietly,  crystals  form  chiefly 
at  the  bottom,  and  not  uniformly  throughout  the  liquid.  The  rea- 
son for  this  is,  that  when  the  solid  matter  is  deposited,  the  liquid 
which  was  combined  with  it  is  set  free,  and,  being  of  less  density 
than  the  rest  of  the  solution,  it  rises  to  the  top  and  gives  place  to 
another  saturated  portion;  this,  in  turn,  deposites  part  of  its  solid 
matter,  and  ascends  as  the  former.  If  we  look  through  a  crystal- 
lizing solution,  we  may  observe  this  ascending  motion  of  the  par- 
ticles, and  distinct  currents  rising  from  the  larger  crystals. 

AH  crystals  which  form  in  aqueous  solutions  enclose  a  portion  of 
the  solution,  or  mother-water,  mechanically,  between  their  mole- 
cules: if  the  solution  contain  other  substances,  this  will  render  the 
crystals  more  or  less  impure.  Hence  it  is  often  necessary  to  purify 
substances  by  repeated  crystallization.  The  larger  the  crystals, 
the  more  of  the  mother-liquor  will  they  thus  absorb.  For  this  rea- 
son crude  nitre,  alum  and  sugar,  are  purer  when,  by  rapid  crystal- 
lization, they  have  formed  in  small  grains. 

Many  substances  in  crystallizing  also  combine  chemically  with  a 
portion  of  water.  This  water  enters  into  them  very  differently 
from  mere  water  of  solution;  for  it  becomes  solid,  and  is  always 
in  definite  proportion.  It  is  usually  called  water  of  crystallization 
or  water  of  combination.  The  mp.nner  in  which  water  unites  with 
quicklime  in  slacking  furnishes  an  illustration  of  this  combination; 
and  the  development  of  heat,  in  a  greater  or  less  degree,  is  gene- 
rally an  accompanying  phenomenon. 
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2<  The  forces  above  mentioned,  wbich  tend  to  solidifj  and  ar- 
raijge  particles  of  matter  id  dtfioite  geometrical  forms,  and  whick 
are  often  spoken  of  as  the  forces  of  cohesiony  are  opposed  by  the 
antagonist  force  of  heat.  In  some  instances,  as  in  melted  metals| 
heat  acts  directlj  to  produce  the  liquid  state;  in  others,  as  ia 
aqueous  solutions,  it  is  indirectly  the  cause  of  the  iluidily  of  the 
dissolved  matter*  That  this  is  so  is  evident;  because  at  the  tem- 
perature of  32^  Fahr.  water  itself  soliililieSj  and  gives  off  140^  ot 
latent  heat. 

If  solid  bodies  be  dissolved  in  water,  the  force  wbich  causes  them 
to  unite  and  form  one  homogeneous  solution  renders  the  evapora* 
tion  of  the  water  more  dilHcuh  than  that  of  pure  water  alone.  Such 
a  solutioHj  therefore,  boils  at  a  temperature  the  more  elevated  in 
proportion  as  the  affiriity  of  water  for  the  dissolved  substance  is 
greater*  If  this  affinity  be  entirely  saturated,  then  will  the  boiling 
point  be  stationary;  but  if  the  affinity  increase  with  the  tempera^ 
turej  the  boiliDg  point  will  also  vary  proportionally.  Thus  a  per- 
fectly saturated  solution  of  comtnon  salt  bolts  at  240*^  Fahr.,  and 
one  of  nitre  at  263^  Fahr,;  while  aqueous  soJutions  of  sugar  or  of 
sulphtiric  acidj  etc.,  boil  at  htgher  temperatures  in  proportion  as 
they  are  more  concentrated. 

3.  Heat  increases  the  dissolving  power  of  water  for  most  solid 
substances;  if,  therefore,  a  hot  saturated  solution  be  allowed  to  cool, 
crystals  will  generally  be  deposited  in  consequence  of  the  excess  of 
matter  soluble  in  hot  water,  but  insoluble  at  low  temperatures.  If 
water  be  evaporated  by  heat  from  a  weak  solution  until  it  becomes 
saturated,  upon  allowing  it  to  cool,  crystals  will  be  formed  by  rea- 
son of  the  loss  of  water  requisite  to  hold  them  in  solution.  The 
evaporation  and  cryslallixation  of  saccharine  juices  furnish  an  in- 
stance of  this  latter  mode  of  operation;  the  proper  performance  nf 
which  constitutes,  indeed,  the  whole  art  of  the  sugar  boiler. 

Impure  solutions  crystallize  very  differently  from  those  wbich  are 
pure.  In  muddy  or  turbid  solutions^  the  impurities  of  wbich  are 
mechanical,  crystals  are  usually  larger,  and  often  of  different  form 
from  those  which  form  in  clear  solutions.  These  mechanical  impu- 
rities also  usually  become  enclosed  in  the  crystals.  Ifurea  be  add- 
ed to  a  solution  of  common  salt,  it  will  yield  octahedral  instead  of 
cubic  crystals. 

The  above  general  facta,  together  with  a  knowledge  of  the  solu- 
bility of  sugar  in  water  at  different  progressive  temperatures,  will 
he  sufficient  to  enable  us  to  form  clear  and  rational  ideas  upon  the 
subject  of  the  crystallization  of  cane-sugar,  and  the  proper  method 
of  conducting  the  operations  relative  thereto  by  sugar  manufactu* 
rers  and  refiners. 

4*  In  most  books  on  chemistry,  it  is  usually  stated  that  ^^  cane 
sugar  is  soluble  in  one-third  of  its  weight  of  cold  water,  and  to  any 
extent  in  hot  water,"     This  is  untrue,  as  I  have  already  stated,*  if 

*  See  Seaate  Doc.  No.  165,  2d  session  2Sth  Oongrtu,  page  165. 
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by  **  hot  water*'  be  meant  *' boiling  water,^'  or  water  heated  to  212*' 
Fahrenheit,  tbe  significatioD  which  the  words  would  ordinarily  be 
supposed  lo  possess*  But  if  this  phrase  be  intended  to  convey  an 
idea  of  the  results  we  obtain  when  we  evaporate  a  saturated  solu- 
tion of  sugar,  it  may  be  admitted  as  an  inaccurate  and  Tague  expres- 
sion of  truth*  If  we  unite  common  salt  and  water  at  different  de- 
grees of  heat^  in  such  a  manner  as  to  form  saturated  solutions,  we 
will  find  that  the  water  dissolves  a  greater  quantity  of  salt  as  the 
temperature  rises,  until  we  reach  240"^  Fahrenheit,  when  the  solu- 
tioD  boils  and  attains  its  maximum  degree  of  salurationj  the  water 
being  united  with  40.38  per  cent*  of  its  own'weight  of  salt*  Any 
further  atldition  of  heat  only  serves  then  to  drive  off  part  of  the 
water,  in  the  form  of  steam,  and  to  deposite  in  a  ^olid  form  the 
sail  with  which  it  was  united*  A  very  different  resuH  is  obtained 
if  we  heat  a  pure  solution  of  sugar — one,  for  instance,  which  con- 
tains about  66  per  cent,  uf  sugar*  Owing  to  the  union  of  the  sugar 
and  the  water,  this  solution  will  not  boil  until  it  reaches  the  tem- 
perature of  220^  Fahrenheit,  at  which  temperature  the  affinity  of 
the  water  for  sugar  will  be  so  much  increased,  that  instead  of  the 
sugar  which  was  united  with  the  steam  evolved  being  deposited  ia 
a  solid  form,  it  will  remain  combined  with  the  uneyaporated  water. 
The  solution  will  thus  become  more  concentrated,  and  being  oow 
united  by  a  more  powerful  affinity,  it  will  have  a  more  elevated 
boiling  point.  Further  concentration,  increased  affinity,  and  a 
more  elevated  temperature  of  ebullition,  ensue^  and  to  this  con- 
tinuous action  there  ia  no  definite  limit  or  point  of  saturation;  so 
that  if  the  evaporation  be  pushed  to  the  temperature  of  270"^  Fah« 
renbeit,  we  obtain  a  tirup  so  viscid,  that  if  allowed  to  cool,  the 
particles  of  sugar  cannot  arrange  themselves  in  crystals,  and  the 
whole  mass  congeals  in  the  form  of  a  transparent  amorphous  sub- 
ilance.  In  this  state  it  is  prepared  by  the  confectioners^  and  com* 
Bionly  known  as  candy.  From  the  sirup  which  thus  solidilies  at 
270^  Fahrenheit  all  the  water  of  solution  has  not,  however,  been 
evaporated;  for  it  is  composed  of  10  per  cent,  of  water  united  with 
90  per  rent-  of  sugar.  If  we  continue  to  increase  the  heat,  with 
the  Tiew  of  driving  off  the  rest  of  the  water,  we  soon  attain  a  tem- 
perature at  which  decomposition  of  the  sugar  itself  takes  place. 

That  the  forces  which  tend  to  arrange  the  particles  of  sugar  in 
tandy^  made,  as  above  described,  from  sirup  concentrated  to  270^ 
Fahrenheit,  are  only  prevented  from  forming  crystals  by  the  very 
viscid  nature  of  the  solution^  and  the  consequent  impeded  motion 
of  its  constituent  molecules,  is  proved  by  a  singular  change  which 
takes  place  afterwards  in  the  internal  structure  of  the  candy*  When 
first  made,  it  is  beautifuUy  transparentj  but  after  some  time  it  be- 
comes opaque.  If  we  examine  the  alteration  closely  with  a  micro- 
scope, we  readily  perceive  that  it  consists  in  crystallization,  and 
that  the  crystals  proceed  from  the  external  surface  to  the  centre- 
Tbe  cause  of  this  change  has  been  supposed  by  M.  Dumas  to  be  a 

I  loss  of  heat*  I  should  rather  ascribe  it  to  the  evaporation  of  part 
of  the  water  of  solution  retained   in  solidification.     Whatever  be 
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fectioners,  who  endeavor  to  preserve  the  transparency  of  their 
candy  by  adding  vinegar  to  it.  The  change  is  thus  retarded,  but 
not  prevented. 

5.  If,  instead  of  continuing  the  evaporation  to  270^  Fahrenheit, 
it  be  arrested  at  about  235^,  then,  when  the  sirup  is  allowed  to  cool, 
a  large  proportion  of  the  sugar  crystallizes  in  small  detached  grains. 
At  this  temperature  the  sirup  is  composed  of  about  19  parts  of  wa- 
ter, united  with  100  parts  of  sugar:  on  cooling,  the  water  will  re- 
tain about  38  parts  of  the  sugar,  and  form  with  it  a  saturated  solu- 
tion, while  the  remaining  62  parts  of  sugar  will  separate  in  crystals; 
from  these  crystals  the  sirup  will  then  readily  drain. 

To  attain  with  certainty  the  result  just  described,  constitutes  the 
whole  art  of  the  sugar  boiler.  The  proper  degree  of  evaporation 
is  technically  known  as  the  striking  pointy  and  the  concentrated 
sirup  is  called  the  strike;  while  striking  is  the  term  applied  to  the 
operation  of  removing  the  contents  of  the  evaporating  pan  into  the 
cooleff  a  large  vessel  for  their  reception,  in  which  the  sirup  is  al- 
lowed to  cool  and  crystallize. 

6.  The  thermometer  is  used  for  the  determination  of  this  striking 
point  only  by  those  who  boil  in  vacuo,  and  by  some  who  employ 
open  pans;  and  most  of  the  sugar  manufacturers  depend  entirely 
upon  certain  signs  or  appearances,  which  become  familiar  to  the 
workmen  by  practice.  The  use  of  a  thermometer  is  objected  to  by 
many,  for  two  reasons:  iirst,  that  it  does  not  indicate  changes  with 
sufficient  rapidity;  and,  secondly,  that  sirups  of  different  degrees 
of  purity  require  different  temperatures.  Whatever  may  be  the 
force  of  these  objections  with  respect  to  dependence  upon  a  ther- 
mometer alone,  they  certainly  have  no  meaning  when  applied  to 
the  combined  use  both  of  thermometric  indications  and  the  above 
mentioned  signs.  The  thermometer  furnishes  a  ready  and  perfect 
means  of  knowing  whether  the  concentration  approaches  the  stri- 
king point;  while,  if  sirups  of  proper  purity  be  operated  upon,  it 
also  shews  exactly  when  they  are  evaporated  to  any  fixed  degree. 
The  objection  that  the  temperature  varies  for  different  sirups,  serves, 
therefore,  rather  to  confirm  the  propriety  of  using  thermometers 
than  to  detract  from  their  value,  since,  by  virtue  of  this  very  vari- 
ation, they  serve  as  checks  upon  the  preceding  operations,  and  may 
be  employed  to  detect  the  insufficient  or  excessive  use  of  lime,  in- 
jury by  fermentation,  etc.;  and  although,  in  working  second  pro- 
ducts, as  in  ordinary  bastard  sugar,  the  temperature  of  the  striking 
point  varies  from  that  required  by  pure  sirups,  yet  this  will  also 
take  place  approximatively  at  a  mean  degree;  any  considerable 
variation  from  which  will  indicate  some  unusual  change.  The  ob- 
jection of  want  of  sufficient  sensibility  is  one  of  little  value;  for 
the  construction  of  thermometers  is  now  so  well  understood,  that 
they  may  readily  be  made  of  any  required  degree  of  delicacy. 

I  must  confess  that  I  am  skeptical  with  reference  to  the  force^  and 

even  the  honesty,  of  objections  urged  against  the  use  of  an  instra- 

ment  so  perfect  as  the  thermometer^  and  in  favor  of  entire  depend* 
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eftce  upon  mere  indications  of  touch,  etc.,  established  by  familiar 
roQtind. .  The  prejudices  of  ignorant  workmen  are  always  strong^ 
and  obstinate,' with  reference  to  any  change  in  operations  which 
they  have  had  the  trouble  to  learn,  and  frequently  to  perform;  and 
it  is,  therefore,  sufficient  cause  with  them  for  condemning  any  im- 

{^roTement  that  it  is  something  new,  no  matter  how  valuable,  un« 
ess  it  be  of  the  nature  of  labor  saving  machinery,  to  indulge  them 
in  lasiness.  .  This  remark,  though  true  for  all  branches  of  industry, 
iiy  perhaps,  for  none  more  so  than  for  the  sugar  manufacture,  which 
has  been  confided  chiefly  to  negroes,  and  scarcely  less  stupid  and 
ignorant  white  men.* 

For  recommending  the  use  of  the  thermometer,  there  is,  how- 
ever, a  reason  of  great  importance,  apart  even  from  the  question 
of  its  fitness  for  determining  exactly  the  proper  striking  point;  and 
which  reason  is,  that  it  furnishes  the  only  means  of  obtaining  defi- 
nite and  precise  knowledge  with  reference  to  the  evaporation  of 
concentrated  sirups.  The  planter  or  refiner  who  would  understand 
the  subject,  and  obtain  comparative  results,  must  employ  the  ther- 
mometer. 

In  one  of  the  best  and  largest  refineries  of  the  United  States, 
formerly  conducted  upon  the  system  of  evaporating  in  open  pans, 
the  thermometer  was  employed  for  regulating  the  evaporation  of 
the  simp.f  The  instrument  used  was  two  or  three  feet  long,  so  as 
to  give  very  large  degrees,  that  could  be  read  through  the  vapor. 
It  was  suspended  So  that  its  bulb, protected  by  a  metallic  ring,  was 
situated  in  the  syrup,  while  its  scale  was  defended  by  a  case  of 
wood.  The  striking  point  was  usually  230"^  to  240^;  the  poorer 
the  sugar,  the  higher  the  heat.  This  refinery  has  since  been  chan- 
ged, and  is  now  conducted  upon  the  system  of  vacuum  pans. 

7.  M.  Dutrone  (who  seems  to  have  prosecuted  his  investigations 
with  exactness  of  method  and  inquiry  creditable  in  the  highest  de- 
gree, especially  at  his  day)  was  fully  sensible  of  the  value  and  ifa- 
Jortance  of  the  thermometer  to  the  sugar  manutacturer.  Ar-eT 
aving  practically  acquainted  himself  with  the  operations  in  ^l^e, 
eveli  to  their  most  minute  details,  and   conducted  an   estate  upon 


*  The  foHowiog  critioism  upon  the  preoediog  remarks  is  extracted  from  an  article  written 
hj  Mr.  Valcour  Aime,  which  was  pahlished  in  De  Bow's  Review,  toI.  5,  page  255  : 

"  The  thermometer  is  adTantageonsl^  and  generally  used,  to  judge  of  the  state  of  concen- 
tnitioD  of  the  sjraps,  in  open  evaporatrng  pans,  heated  by  steam;  bat  the  use  of  that  instru- 
ment to  ascertain  the  striking  point,  in  the  manufactare  of  Tacuum  pan  sugar,  is  a  practice 
not  to  be  thought  of.  Syrup  coming  from  the  blow  tubs  and  leaf  filters  at  32°  fieaumd,  is 
often  at  150°  Fahrenheit,  when  pnt  into  the  pan.  It  rises  in  fifteen  minutes  to  160°,  and 
may  be  kept  at  that  point  for  several  hours,  until  it  reaches  the  proper  degree  of  evaporation; 
indeed,  if  the  boiler  has  at  his  disposal  a  large  supply  of  water,  ho  may,  by  the  injection 
of  cold  water,  lower  the  temperature  while  the  concentration  is  progressing,  and  this  is 
eoinmon]}[  done  when  it  is  considered  desirable  to  obtain  a  large  and  solid  grain.  The  ther- 
mometer is  employed  in  the  vacuum  pan  to  keep  the  boiler  advised  ef  the  heat  he  has  in  it, 
and  enable  him,  in  conjunction  with  the  air  glass  or  barometer,  to  regulate  his  pan  as  to 
stsam  and  water;  for  stnking,  the  test  by  the  touch  with  the  proof  stick  is  the  only  one  that 
«MB  bo  depended  upon.'* 

t  B^  Silliman's  Report  on  Sugar,  in  compliance  with  a  resolution  of  the  House  of  Repre- 
"immtftB,  January  ib,  1830,  page  109. 
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similar  methods,  he  remodelled  the  whole  system,  with  the  most 
satisfactory  results.  He  formed  and  employed  a  table,  showing 
the  state  of  concentration  progressively  for  each  degree  of  Reau- 
mur's  scale;  and  he  strongly  recommends  its  use,  in  connexion 
with  the  digns  familiar  to  experienced  workmen.  Dutrone's  table 
was  based  upon  experimental  researches;  and  I  therefore  giT€  it 
below,  modified,  howeyer,  by  substituting  the  corresponding  de« 
grees  of  Fah^-enheit's  thermometer  for  those  of  Reaumur,  and  de« 
cimal.  values,  at  each  degree  of  concentration,  in  place  of  the  lets  ' 
simple  though  equivalent  expressions  in  pounds,  ounces,  etc.,  used 
by  Dutrone. 

At  22^  Reaiim.,  (81*^.5  Fahr.,)  it  requires  (according  to  Dutrone) 
three  parts  of  water  and  five  parts  of  sugar  to  form  a  saturated  so- 
lution. He  therefore  used  sirups,  made  by  dissolving  100  pounds 
of  sugar  in  60  pounds  of  water  for  his  experiments,  from  which  he 
constructed  the  following  table. 
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8.  It  is  evident,  upon  inspection,  that  the  first  and  third  columns 
of  this  table;  and  therefore  the  second  and  fourth  also/are  nearly 
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identical.  They  should  be  exactly  so;  for  the  c[aantities  of  crys- 
talline matter  separated  from  a  saturated  solution  depend  upon,  and 
are  proportional  t4>,  the  water  evaporated.  The  slight  differences 
from  identity  which  occur  in  some  of  the  corresponding  terms,  and 
wbich  in  no  instance  exceed  fractional  values,  confirm  the  accuracy 
of  Dutrone's  work;  for  in  all  experiments  errors  of  weighing,  etc., 
niiist  occur, and  the  small  differences  referred  to,  therefore,  furnish 
rridence  of  the  faithfulness  of  the  observer,  and  of  the  truth  of 
lit  statement  that  the  table  is  composed  of  actual  experimental  re- 
mits. Had  Dutrone  obtained  only  one  column  by  experiment)! — 
ttie.first,  for  instance — and  then  calculated  the  other  three  from  the 
fifst,  as  he  might  have  done,  the  above  mentioned  approximative 
identity  would  have  been  exact.  But  by  expressing  his  results  in 
gross  weight  of  pounds,  ounces  and  grains,  add  using  for  his  solu- 
tions sixty  pounds  of  water,  and  one  hundred  pounds  of  sugar,  the 
identity  is  concealed,  which  appears  at  once  when  we  employ  de- 
cimal values,  or  per  cent,  of  the  original  quantities  of  water  and 
■agar  combined. 

9.  No  other  instrument  than  the  thermometer  has  yet  been  em- 
ployed in  open  pans  for  ascertaining  the  precise  degree  of  con- 
centration at  which  the  evaporation  of  sirups  should  terminate. 
The  areometer  of^Beaum6  answers  very  well  for  lower  degrees  of 
density,  although  that  instrument  is  not  to  be  depended  upon  for 
afecnracy,  withis  one  or  two  degrees,  by  reason  of  erroneous  prin- 
ciples of  construction;  but  the  viscosity  of  concentrated  sirups  im- 
pedes the  motion  of  any  hydroa>eter,  however  exactly  constructed, 
to  such  an  extent  that  no  instrument  of  the  kind  is  of  any  use  for 
determining  the  striking  point.  This  determination  must  therefore 
be  made  either  by  the  thermometer^  or  by  the  signs  known  to  the 
workmen,  or  by  the  two  combined.  "The  use  of  the  thermometer," 
says  Dutrone,*  "in  the  striking  {cut/e,)  far  from  excluding  the 
proof  of  t^e  fingers,  which  is  very  convenient,  serves,  on  the  con- 
trary, to  cast  light  upon  it,  and  to  render  the  practice  less  uncer- 
tain; it  gives  to  the  refiners  fixed  and  relative  terms,  upon  which 
they  may  depend  with  security." 

10.  I  have  sought  to  acquaint  myself  with  the  signs  employed  by 
sugar  boilers,  practically,  as  well  as  from  oral  and  written  descriptions 
of  them;  and  from  what  I  have  heard  as  well  as.  seen  of  tbem^I 
have  become  fuMy  convinced  that  some  of  these  signs  are  very  use- 
ful and  delicate,  and  that  all  of  them  are  ^ore  or  less  vuluable^  I 
would  not,  thert  fore,  be  considered  as  underrating  their  importance 
in  recommendin;^  the  thermometer  to  be  used  in  connexion  with 
them;  nor  as  C(  ndemning  their  use,  if  I  censure  an  ignorant  and 
implicit  dependence  upon  them  alone. 

11.  In  the  island  of  Cuba  the  Spanish  sugar  maker  judges  of  the 


*  Sc«  Pcdcifl  sttt  la  Canoe,  page  182. 


[50] 


272 


state  of  concentration  by  three  things:  first,  by  the  appearaAce  of 
the  bubbles  formed  by  the  escaping  steam;  wheh  these  become 
nearly  of  .ec[ual  size,  and  uniformly  distributed  over  the  surface  of 
the  boiling  sirup,  he  concludes  that  the  evaporation  is  nearly  suffi- 
cient; secondly,  if,  upon  dipping  ^his  copper  ladle  into  the  sirup 
and  removing  it  bottom  upwards,  the  sirup  covers  it  thickly  and 
falls  slowly  in  distinct  drops,  this  proof  confirms  the  first;  and, 
lastly,  when  by  the  preceding  proofs  it  is  know>o  that  the  sirup  is 
concentrated  nearly  to  the  desired  point,  then  he-  resorts  to  the 
proof  by  the  touchy  as  practised  elsewhere;  but  he  judges  not  only 
by. the  forms  the  thread  of  sirup  assume^  in  breaking,  but  also  by 
the  sound  produced  when  the  finger  is  suddenly  separated  from  the 
thumb,  and  the  sirup  between  them  torn  quickly  apart.  The  shorter 
the  sound,  the  more  concentrated  is  the  sirup.  When  the  thread 
breaks,  and  the  retracting  portion  cutis  itself  into  a  spiral^  the 
sirup  is  considered  of  the  proper  degree  for  making  clayed  sugar; 
for  muscovado  sugar  it  is  boiled  to  a  slightly  further  degree.  The 
workmen,  however,  seem  to  have  tin  clear  ideas  respecting  the 
nature  of  the  operation,  and  speak  loosely  of  it,  as  one  of  cooking 
— like  those  of  frying,  stewing,  boiling,  etc.,  familiarly  practised 
in  the  preparation  of  food.  So  far  from  regarding  it  merely  as 
evaporation  of  water,  many  jof  them,  by  reason  of  the  crystalliza- 
tion which  takes  place  subsequently  as  the  sirup  cools,  think  that 
some  change  is  piroduced  by  the  heat  upon  the  sugar  in  the  juice, 
by  which  it  becomes  hardened,  as  albumen  is  coagulated  in  a  hard- 
boiled  egg.  From  ideas  so  crude,  no  union  of  knowledge  and  prac- 
tice can  possibly  result;  and  the  success  of  the  sugarmaker  de- 
pends, therefore,  upc^n  the  infallibility  of  the  empirical  rules  he 
blindly  follows. 

12.  The  proof  by  the  touch  above  mentioned  is  used,  I  believe, 
alike  by  the  refiners  and  the  sugarmakers  of  all  nations,  bot^  in 
Europe  and  America,  and  with  very  slight  modifications.  A  small 
portion  of  the  sirup  is  taken  for  trial  between  the  index  finger  and 
the  thumb:  when  it  is  cool,  the  finger  is  separated  from  contact 
with  the  thumb,  and  the  sirup  examined  by  placing  it  between  the 
eye  and  the  light.  At  different  degrees  of  concentration  the  fol- 
lowing indications  successively  occur;*  "  1st,  two  drops  separate — 
that  on  the  thumb  and  below  is  the  larger;  2d,  the  drops  become 
nearly  equal,  and  do  not  separate  until  the  fingers  are  drawn  more 
widely  apart;  3d,  by  the  .separation  of  half  an  inch  a  thread  is 
drawn  out,  which  finally  breaks  below;  the  end  of  the  thread  be- 
comes claviform,  and  it  rises  slowly  towards  the  finger;  4th,  the 
same  thing  occurs  at  a  greater  distance;  the  end  of  the  thread  is 
folded  back,  and  gives  to  the  thread  the  shape  of  a  ribbon  or  long 
strip,  which  rises  more  rapidly  than  before;  5th,  aftejr  a  greater 
separation  of  the  fingers  the  thread  breaks,  being  very  fine  at  the 
end^  which  turns  aside  and   twists   up  like  a  cork  screw.     It  does 

*  ISee  DlGticnaairie  de  rindostrio;  p.  407.    Paris^  1841. 
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not  fold  itself  upon  the  rest  of  the. thread,  as  before,  and  the  thread 
does  not  increase  in  volume  except  by  the  cohesion  which  draws 
the  particles  towards  the  finger,  which  is  the  only  adhering  point. 
A  little  more  concentration  prevents  the  thread  from  shrinking  at 
all  upon  itself." 

In  the  United  Statics  the  manufacturers  of  sugar  from  cane  juice* 
use  the  proof  by  the  touchy  and  consider  sirup  sufficiently  concen- 
trated when  the  broken  thread  curls  up  in  the  form  of  a  cork<screw, 
or  at  the  fifth  of  the  degrees  above  described.  They  sometimes  use 
the  thermometer,  and  the  temperature  te  which  they  boil  is  usually 
about  236^  Fahr.  The  proof  by  dipping  the  copper  ladle  into  the 
•trup  is  also  generally  employed;  a  thick  coating  of  sirup,  which 
drains  off  slowly,  and  presents  a  granular  appearance,  being  the 
aigu  that  the  operation  is  finished. 

xhe  refiners  who  use  opy  pans  rely  generally  upon  the  proof  by 
the  touchy  and  sometimes  a  thermometer;  but  the  former  is  pre- 
ferred. 

In  the  British  West  Indies  the  proof  by  the  touch  is  not  only  that 
chiefly  depended  upon,  but  the  names  of  the  evaporating  pans  have 
eTen  been  taken  from  it,  the  pronunciation  of  the  word  touch  by 
the  African  slaves  being  teache.  They  also  employ  the  proof  by 
dripping  from  the  ladle. 

13.  The  French  seem  to  have  bestowed  upon  the  indications  em- 
ployed by  the  workmen  more  attention  than  other  nations.  The 
technical  terms  or  names  given  by  them  to  these  indications  are 
Bumerous,  and  these  constitute,  when  practically  understood^  the 
•urn  of  the  knowledge  of  the  French  sugar  boiler.  Dutrone's  ac- 
count of  the  terms  in  use  by  the  French  refiners  of  his  time,  and 
hia  critical  remarks  upon  them,  seem  to  be  so  clear  and  judicious 
that  I  here  embody  a  translation  of  them.* 

^'The  refiners,  both  of  America  and  Europe,  have  never  had  a 
just  idea  of  the  action  of  heat  in  the  concentration,  {cuite.)  They 
observe  well  some  of  its  effects,  to  which  they  give  various  names; 
but  they  have  no  knowledge  of  the  nature  of  its  action,  which  they 
have  often  denoted  by  the  word  cumon,  (candying,)  a  term  applied 
only  to  the  principal  operation  in  the  art  of  the  confectioners. 
This  operation  {cuisson)  is  comprised  between  the  limits  of  110^ 
and  120''  of  Reaumur's  thermometer,  (280^  and  302^  Fahrenheit,) 
an  instrument  which  should  serve  in  this  art,  as  in  that  of  the  refi- 
nery  to  ascertain  and  fix  the  different  degrees  of  candying  {cuisson) 
which  the  confectioner  needs  in  all  his  preparations;  degrees  which 
he  denotes  by  terms  derived  from  the  various  appearances  which 
the  augar  presents  in  cooling  upon  a  spoon  or  the  skimmer;  name- 
ly, candying  au  perU^  (at  the  pearl;)  a  la  plume^  (at  the  feather,) 
AC. — degrees  which  have  no  reference  to  any  fixed  limits,  and 
which   the  most  skilful  workman  always  finds  difficulty  in  seizing. 

^^As  the  refiners  have  never  understood  the  nature  of  the  action 
of  heat  in   the  concentration,  {cuite^)  they  have   not  been  able  to 

*  See  Datrone,  Pr^eii  tor  la  Caoae,  p.  177, 
18 


[50] 


274 


define  it.  Alto,  there  seems  to  be  no  definition  of  the  term  cu%f$ 
in  any  dictionpiry)  except  in  the  Encyclopidie^  iik  which  we  find: 
cuire^  a  technical  term  of  refiners,  the  action  of  petrifying  the 
sugar  in  sirup  by  boiling  it  for  a  sufficient  length  of  time.  The 
reader  may  judge  of  the  merits  of  this  definition. 

^^The  knowledge  of  th«  refiner  is  limited  to  certain  terms,  which 
he  uses  to  designate  the  particular  state  in  which  he  finds  the  sirup 
he  wishes  to  concentrate,  (cmVe.*)  As  soon  as  the  saccharine  so- 
lution becomes  of  the  consistence  of  sirup,  he  plunges  into  it  a 
skimmer,  and,  after  taking  it  out  and  exposing  it  to  the  air,  turn- 
ing it  several  times  upon  itself,  he  holds  it  steady;  if  the  sirup 
which  is  attached  to  it  flows  off  in  separate  drops,  which  fall 
slowly,  he  designates  this  state  by  the  expression /atre /a  g-ou^^e,  to 
make  the  drop. 

<^When  the  concentration  commenceS|^f  the  sirup  which  covers 
the  skimmer  forms  a  sheet  in  falling,  m  designates  this  state  by 
the  expression  yaire  la  toile^  to  make  the  sheet. 

^^Sueh  are  the  first  degrees  of  the  concentration:  the  others, 
more  advanced,  are  taken  from  the  signs  which  the. sirup  givea 
when  subjected  to  the  proof  by  the  finger.  This  proof  consists  in 
taking  with  the  end  of  the  thumb,  from  a  ladle  or  stirrer  which 
has  been  plunged  into  the  sirup,  a  small  portion  thereof,  with 
which  the  index  or  middle  fineer  is  then  brought  in  contact,  in 
order  to  see  whether  it  has  acquired  sufficient  consistence  to  adhere 
to  the  finger,  and  to  be  drawn  out  into  a  thread  when  the  thumb 
and  finger  are  separated;  in  which  case  it  is  said  io /aire  lefily 
make  the  thread.  When  the  sirup  is  still  more  concentrated,  and 
the  thread  thus  formed  sustains  itself  well,  the  thumb  is  moved  to- 
wards the  base  of  the  little  finger,  the  index  being  held  fixed 
above;  if  the  thread  breaks,  they  then  say  that  lefil  se  romptj  the 
thread  breaks.  The  other  terms  are  derived  from  the  manner  ia 
which  the  thread  is  formed  and  breaks,  and  the  various  shapes  it 
assumes  in  shrinking  after  it  is  broken. 

^^It  is  in  the  recollection  of  these  terms,  and  of  some  others  of 
like  kind,  and  not  less  important,  that  the  science  of  the  refiner 
chiefly  consists. 

"There  are  other  relative  terms — such  as  cuite  forte^  (strong 
concentration;)  cuite  Jaible^  (weak  concentration;)  bonne  cuitey 
(good  concentration;)  but  since,  in  the  operation  of  the  cuitey  there 
is  no  fixed  or  determined  point,  these  expressions  refer  only  to  the 
design  of  the  refiner  with  regard  to  the  sirup  he  operates  upon^ 
relatively  to  the  quality  of  the  sugar,  to  the  vessel  in  which  he 
places  it  to  crystalize,  and  to  the  state  in  which  he  wishes  to  ob- 
tain it;  objects  which  he  seeks  to  attain,  but  misses  more  or  less^ 
from  ignorance  or  accident." 


•  There  is,  I  believe,  no  English  word  of  the  same  signification  as  this  Freach  technical 
terna  cuire,  which  might  be  translated  to  €ook;  but  1  prefer  to  use  the  word  concentrate,  as 
nore  correct. 
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f.  Since  the  time  of  Dutrone,  the  beet  sugar  industry  has  been 
iblished  in  France,  and  some  new  methods  of  determining  the 
rees  of  concentration  have  been  practised  there.  The  terms  in 
among  French  sugar  refiners  are  also  now  fixed  by  the  temper** 
rc8  corresponding  to  the  degrees  of  concentration  designated  by 
Bl|  as  well  as  by  the  relative  composition  of  the  sirup.  The 
nt  themselves  are  derived,  some  from  the  proof  by  the  touchy 
Formed  as  Jescribed  by  Dutrone,and  from  the  forms  assumed  by 

thread  between  the  thumb  and  finger;  and  others  from  the 
uve  au  501/^^,  described  below. 

*he  following  table  furnishes  not  only  exact  definitions  of  the 
€8  of  concentration  denoted  by  the  technical  terms  of  the 
!nch  refiners,  but   also   the  composition  of  sirups  evaporated  to 

diffefeLt  corresponding  temperatures,  as  indicated  by  the  de- 
es of  the  centigrade  thermometer.  I  have  added  to  the  original 
le,  which  I  extract  from  the  treatise  on  chemistry  of  M.  Du- 
I,*  only  a  column  adapting  it  to  the  scale  of  Fahrenheit,  gene- 
y  used  in  thip  country: 


Tempers  tare. 

Composition. 

Denomination. 

\ 

Centigrade 

Fahrenheit 

Sugar. 

Water. 

1330 

2710.4 

100 

ist.so 

270.5 

100 

Cass^  snr  le  doigt. 

128.50 

263.3 

100 

'i6.'92 

Grande  cass^. 

122. 10 

251.8 

100 

Petit  cas8^. 

115 

239 

100 

'16.29 

112.50 

234.5 

120 

248 

100 

Grande  sooffld. 

119 

246.2 

100 

Souffle  ordmaire. 

112 

233.6 

100 

*18!84 

Crochet  fort. 

110.50 

231 

100 

25.06 

Crochet  ordinaire. 

108 

226 

100 

28.52 

Filet  l^ger. 

106 

223 

190 

36.00 

Crochet  faible. 

105 

221 

100 

41.63 

104.50 

220.1 

IQO 

47.26 

104.25 

219.6 

100 

53.26 

103 

217.4 

100 

91.11 

102 

215,6 

100 

88.96 

ldl.75 

215.1 

100 

106.81 

101 

213.8 

100 

124.66 

Tbe  preuve  au  souffle^  proof  by  blowings  is  performed!  by  iflip- 
g  a  skimmer  into  the  sirup;  it  is  moved  to  avoid  the  scum,  and 
(htly  shaken  in  removing  it  to  spread  the  sirup  uniformly  over 
surface  of  the  instrument;  the  handle  is  held  horizontally,  so 
t  the  disc  is  incl.ned  at  an  angle  of  about  45^,  and  the  workmen 
n  blow  strongly  against  it.  The  sirup  is  well  concentrated  if 
each  hole    of  the    skimmer  a    spherical    bubble  is  formed    of  at 


See  Damas  Traits  de  Chim.  AppUq  aox  Arts,  vcd.  6,  page  266. 


t  See  DitcionQnaire  de  rindoftVne, 
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least  half  an  inch  in  diameter.  The  lesis  the  sirup  is  concentrated, 
the  fewer  and  smaller  will  the  bubbles  be.  The  yapo.r  arising  from 
the  evaporating  pan  hinders  the  formation  of  bubbles^  and  the  di- 
ameter of  each  of  the  holes  in  the  skimmer  should  not  be  more 
than  the  eighth  of  an  inch." 

15.  Another  table,  also  taken  from  the  same  valuable  chemical 
work,  gives  the  per  cent,  of  water  and  of  sugar  contained  in  sirup 
concentrated  to  the  degree  corresponding  to  each  technical  term. 


Sugar. 

Water. 

PfOOf. 

95.75 
92.67 
91 

89 
88 
87 

4.25 
7.33 
9 

11 

12 

13 

Grand  ca8$6. 
Petit  cassd. 
Grand  sotiifie. 
Petit  souffle. 
Crochet  l^ger. 
Crochet  fort. 

16.  The  proofs  by  the  touch  and  by  blowings  preuve  au  filet  ^nd 
preuve  au  souffli^  are  the  most  delicate,  convenient  and  certain, 
and  therefore  chiefly  employed;  but  there  are  other  proofs  used 
by  French  refiners,  which  are  subsidiary  to  /them.  Of  these,  the 
preuve  a  la  dentj  proof  by  the  teeth,  is  performed  by  trying^  the 
sirup  between  the  teeth.  *'  If  it  offers  sufficient  resistence  without 
breaking  readily,  it  is  nearly  concentrated.  This  proof  requires 
long  practice,  and  cannot  be  easily  described."  And  the  preuve  a 
Veau  or  preuve  au  boul^j  (proof  by  water  or  bj  a  ball,)  is  tried  by 
^^  putting  about  half  an  ounce  of  the  sirup  into  a  vessel  af  cold 
water;  it  is  then  taken  into  the  hand,  and  if  it  can  be  rolled  into  a 
ball  without  dissolving  entirely,  or  sticking  between  the  fingers, 
it  is  sufficiently  evaporated.  By  stretching  this  mass  between  the 
two  hands,  and  placing  it  between  the  eye  and  the  light,  the 
smallest  portions  of  foreign  matter  can  easily  be  seen — such  as 
boneblack,  the  deposite  in  the  boilers,  &c."* 

17.  Having  thus  described  the  methods  followed  by  those  who 
employ  open  pans  to  prepare  saccharine  solutions  for  crystalliza- 
tion, or,  in  the  technical  language  of  the  workmen,  to  convert  the 
sirup  into  strikej  I  proceed  next  to  the  discussion  of  the  compar- 
ative operation  of  concentration  in  vacuo. 

^  We  have  seen  that  the  water  cannot  be  driven  entirely  from  the 
sugar  by  heat,  without  destroying  the  sugar  itself,  at  the  elevated 
temperature  to  which  it  has  to  be  subjected;  and  that  as  the  tem- 
perature rises,  the  portion  of  water  of  solution  retained  in  combi- 
nation,"though  it  grows  less  and  less,  is  still   sufficient  to  dissolve 


*  See  DiotionDaire  de  I'ladastriei  p.  108. 
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mil  the  8iigar|,in  consequence  of  the  increase  of  affinity  due  to  the 
heat.  But  as  it" cools,  the  water  will  abandon  the  portion  which 
the  beat  caused  it  to  dissolve;  and  when  it  attains  the  ordinary 
temperature  of  the  atmosphere,  it  will  be  combined  with  only 
about  twice  its  o^n  weight  of  sugar.  The  sugar  sibandoned  will 
be  crystalline,  and  will  constitute  the  first  and  principal  product  of 
the  manufacture,  while  the  remaining  sugar  combined  with  the 
water  will  form  the  mother-water^  sirup^  or  molasses^  from  w^icb| 
by  subsequent  concentration,  second  products  are  obtained.  The 
higher  the  degree  of  concentration,  the  less  will  therefore  be  the 
quantity  of  mother'Water^  or  molasses,  and  the  greater  the  yield  of 
sugar.  But  to  this,  as  we  have  already  stated,  there  is  a  practical 
limit  prescribed  by  the  condition  that  the  consistence  or  fluidity 
should  be  such  as  to  permit  the  crystallization  t;o  take  place  readily, 
and  the  mother-liquor  to  drain  freely. 

A  very  different  set  of  phenomena  occur  when  we  evaporate  sac- 
charine solutiojis  in  vacuo.  The  temperature  of  the  sirup  in  this 
case  rarely  exceeds  175^  Fahrenheit,  and  therefore  much  of  the 
water  of  the  sirup  which  evaporates  deposites  the  sugar  it  was 
united  with  in  a  solid  crystalline  form  within  the  vacuum  pan. 

18.  At  the  temperature  of  60^  Fahrenheit,  a  saturated  solution 
of  sugar  and  water  is  composed  of  two  parts  of  sugar  and  one  of 
water;  and  at  212^  Fahrenheit,  by  reason  of  the  increase  of  affinity 
doe  to  the  change  of  temperature,  water  becomes  saturated  only 
when  it  is  united  with  five  times  it  own  weight  of  sugar.  Hencei 
if  we  attempt  to  evaporate  a  sirup  which  is  saturated  at  the  tempe* 
rature  of  60  Fahr.,  and  by  means  of  heat,  so  regulated  that  it  shall 
attain,  but  never  exceed,  the  degree  of  212^  Fahr.,  one-half  of  the 
water  will  have  to  be  cejiverted  into  vapor  before  the  sirup  will 
constitute  a  saturated  solution  at  the  more  elevated  temperature  it 
has  acquired.  But,  as  soon  as  the  proportion  of  water  is  thus  re- 
duced, at  212°,  from  one-third,  to  one-sixth  of  the  sirup  it  forms, 
any  further  evaporation  will  cause  the  sugar  to  separate  in  a  solid 
crystalline  state,  the  affinity  or  solvent  power  of  the  water  being 
saturated.  And  if  the  operation  be  continued,  sugar  will  be  de- 
posited in  the  pan,  until  the  consistence  of  the  mixed  mass  of  crys- 
tals and  sirup  becomes  too  thick  either  to  transmit  the  heat  readily 
from  particle  to  particle,  or  to  be  easily  removed  from  the  pan,  if 
it  be  necessary  to  draw  it  off  by  means  of  a  cock. 

Such  would  be  the  result  of  evaporation  at  212°  Fahr.,  whether 
performed  in  close  or  open  vessels.  But  if  we  employ  a  vacuum 
pan,  then,  by  virtue  of  the  fact  that  the  teinperature  is  grealy  re- 
duced, in  consequence  of  the  rapid  absorption  of  latent  heat,  the 
mother- liquor,  or  unevaporated  portion  of  the  sirup,  will  be  com- 
posed of  a  more  dilute  solution  of  sugar.  The  solubility  of  sugar 
in  water  at  the  temperature  of  175°  Fahr.,  has  not,  to  my  know- 
ledge, been  determined  accurately  and  by  experiment;  but  in  the 
absence  of  such  exact  knowledge,  we  may  assume,  with  sufficient 
probability  for  our  purposes,  that  at  175°  water  dissolves  four  times 
its  own  weight  of  sugar.     This  cannot  be  fat  iiom.  \.Vi^  U>aX^i\  l^t^ 
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as  above  mentioned,  the  solubility  of  sugar  increases  with  great 
rapidity  at  elevated  temperatures,  but  changes  between  60^  and 
and  212^  Fahrenheit,  from  two  to  five  times  the  weight  of  the 
water  contained.  Hence,  at  175^  Fahr.,  sirup  will  evaporate  ia 
vacuo,  until  it  is  composed  of  about  one  part  of  water  and  four 
parts  of  sugar,  and  then  becomes  perfectly  saturated.  Any  further 
concentration  series  but  to  cause  the  sugar  to  separate  in  crystals. 
And  this  deposition  of  solid  sugar  may  be  carried  oh  until  the  mix- 
ture attains  a  cons'^stence  so  thick  that,  if  not  removed,  the  mass 
would  solidify  in  the  pan. 

So  rapid  is  the  evaporation,  however,  if  the  vacuum  be  well 
maintained,  that  the  contents  of  the  pan  do  not  attain  the  tempera- 
ture of  175°  Fahr.,  until  their  consistence  becomes  such  as  to 
require  removal;  for,  by  reason  of  the  diminished  pressure,  vapor 
forms  at  much  lower  temperatures  in  sufficient  quantity  to  prevent 
the  sirup  becoming  heated  to  175^,  until  this  evaporation  is  some** 
what  checked  by  the  mechanical  resistance  of  the.  viscid  mass  or 
magma  which  it  produces. 

19.  The  following  table,  taken  from  Ure's  Dictionary,  shows  the 
corresponding  boiling  points  and  barometric  press«res  for  sirup 
evaporated  in  Howard's  vacuum  pan: 


Si-      > 

1     «  * 

■u  ** 
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£-^ 
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£ 

1     ^ 

CL 

0 

Irnjhe$. 

0 

Ificliefi. 
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OM 

'       150 

2,05 

123 

l.Of 

155 

2.36 

130 

1,17 

1       ^^^ 

2,72 

135 

K36 

,       )65 

3.10 

140 

1.57 

1        170 

3.52 

145 

1.80 

173 

4.0E> 

20.  The  temperature  to  which  the  sirup  is  evaporated  by  refiners 
is  usually  from  160^  to  170^,  and  it  varies  with  the  purity  of  the 
solution  and  nature  of  the  article  to  be  obtained.  The  semifluid 
mass  of  sugar  and  sirup,  called  usually  the  skippingSj  is  drawn  off 
from  the  vacaum  pan  into  a  large  double-bottomed  kettle  called  a 
cooler^  and  there  heated  by  steam  to  180°  or  200°  Fahrenheit,  from 
which  it  is  then  dipped  out  and  poured  into  the  moulds.  By  this 
increased  temperature  the  water  of  the  sirup  is  enabled  to  dissolve 
an  additional  quantity  of  sugar,  which  subsequently  solidifies  in 
the  moulds,  binding  the  detached  crystals  together  into  a  compact 
loaf,  and  rendering  the  grain  larger  and  more  beautiful,  by  virtue 
of  the  property  which  large  crystals  have  to  grow  at  the  expense 
of  smaller  ones. 

In  the  manufacture  of  vacuum  pan  sugar,  whether  from  the  cane 
juice  or  in  refining,  it  is  considered  highly  desirable   to   obtain  a 
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IftTge  crystalline  grain.  This  mayi  in  a  measure,  be  done  by  heat- 
ing the  cooler  as  above  described,  but  more  effectually  by  evapor- 
ating the  sirup  in  successive  portions,  so  that  the  crystals  obtained 
from  one  portion  may  constitute  nuclei  for  the  formation  of  larger 
crystals  in  another..  By  availing  himself  of  the  principles  of  crys- 
tallization, the  sugar  boiler  may,  indeed,  vary  the  grain  of  his  pro- 
•ducts  almost  at  his  pleasure;  large,  solid,  and  perfect  crystals  being 
formed  by  the  influence  of  nuclei^  fluidity  of  the  mother-liquor,  and 
gentle  changes  of  temperature  and  density;  while  rapid  evapora- 
tion, mechanical  agitation,  and  ^diffused  action,  in  the  absence  of 
centres  of  cohesion  presented  by  nuclei,  tend  to  produce  a  confused 
and  finely  divided  grain. 

It  may  here  be  observed  that  the  effect  of  heating  in  a  cooler  may 
be  accomplished  in  the  vacuum  pan  itself.  For  this  purpose  it  is 
only  necessary  to  destroy  the  vacuum  by  admitting  the  air,  and  to 
allow  the  steam  still  to  act  within  the  double  bottom.  In  this 
manner,  also,  the  fluidity  of  the  skipping  may  be  increased,  and 
evaporation  may  consequently  be  pushed  to  a  degree  which- would 
otherwise  be  attended  with  consolidation  within  the  vacuum  pan. 

The  preceding  accounts  of  the  indications  which  present  them- 
selves in  the  evaporation  of  sirups  is  applicable  to  those  only 
which  are  neutral  or  pure.  Such  as  are  either  acid  or  alkaline 
behave  quite  differently.  Acid  sirups  concentrate  readily,  but 
become  very  dark  colored  towards  the  close  of  the  operation.  The 
proof  by  blowing  takes  place  in  such  sirups  before  the  proof  by  the 
touch;  the  grain  of  the  sugar  obtained  is  destitute  of  strength  and 
much  discolored,  and  the  green  sirup  (that  which  drains  spontane- 
OQsljr  from  the  sugar)  will  not  admit  of  being  twice  worked* 
Acidity  may  be  owing  either  to  insufficient  defecation,  to  fermen- 
tation by  allowing  dilute  sirup  to  stand  for  some  time,  or  to  the 
Qse  of  sulphuric  acid  for  neutralizing  an  excess  of  temper  lime. 
Whatever  may  be  the  cause,  the  remedy  is  to  employ  lime  to  neu- 
tralize the  acid,  and  afterwards  to  clarify  or  filter  through  bone- 
black. 

Alkaline  sirups  concentrate  to  the  striking  point  with  difiiculty. 
Sometimes  they  will  not  froth  up  in  boiling:  the  sirup  itself  is 
thrown  up;  and  if  fat  be  thrown  upon  the  surface  it  is  converted 
into  an  insoluble.yellow  soap,'  which  floats,  but  exerts  no  tranquil- 
izing  influence.  If  bubbles  form,  they  appear  greasy  and  come  off 
-slowly,  and  often  pass  entirely  across  the  surface  without  bursting. 
Soon  all  bubbles  cease  to  form,  the  action  subsides,  and,  by  elevat- 
ing the  temperature,  the  sirup  will  be  burnt  before  it  will  again 
boil.  Alkalinity  of  sirups  is  generally  owing  to  an  excess  of  lime 
in  defecation.  When  this  accident  has  occurred,  it  is  with  difficulty 
remedied.  Filtration  through  boneblack  is  the  only  process  that 
has  yet  been  employed  with  perfect  success;  it  answers  well  unless 
the  excess  of  lime  be  very  great.  Sulphuric  acid  has  been  used 
•extensively  in  France;  but  it  must  be  used  with  great  caution,  and 
the  object  sought  must  not  be  to  neutralize  more  than  a  portion  of 
4he  limey  for  the  slightest  excess  of  acid  which  may  occur  by  rea- 
son of  the  salts  contained  in  the  juice  will  do  great  injury  to  the 
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grain  and  color  of  the  sugar.  Hencei  test  paper,  should  give  an 
alkaline  reaction  with  the  sirup,  even  after  the  addition  of  the 
acid. 

£1.  Carbonic  acid  gas  passed  through  the  alkaline  sirup  in  divi- 
ded  streams,  removes  all  excess  of  lime  effectually,  and  without 
the  slightest  injury  to  the  sugar.  For  this  purpose  a  simple  appa- 
ratus is  necessary,  composed  of  a  vessel  in  which  the  gas  is  gene- 
rated, by  pouring  acid  on  powdered  limestone,  marble,  or  chalky 
and  from  which  it  is  conducted  by  tubes,  and  permitted  t«  escape 
into  the  sirup  through  numerous  small  orifices. 

The  general  principles  of  crystalization,  and  the  methods  for 
ascertaining  the  degrees  of  evaporation  for  sirups,  being  set  forth 
in  the  preceding  articles,  I  now  proceed  to  the  discussion  of  the 
practice  both  of  refiners  and  manufacturers. 

22.  By  the  refiners  who  employ  the  vacuum  pan,  the  skippings- 
are  heated  in  the  cooler,  as  described  above,  and  then  poured,  by 
means  of  copper  basins  or  buckets,  similar  in  form  to  that  of  plate 
II.,  fig.  8,  into  conical  moulds.  These  moulds  are  made  either  of 
earthenware  or  of  sheet  iron,  protected  from  rust  by  a  thick  coat 
of  paint.  At  the  time  of  filling j  as  this  operation  is  technically 
called,  the  skippings  should  be  well  stirred  in  the  cooler,  in  order 
to  mix  the  mass  thoroughly,  and  render  it  uniform.  The  moaldi| 
after  being  filled,  are  usually  allowed  to  remain  quietly  until  the 
next  day,  when  they  are  removed  to  another  room,  heated  artifi- 
cially to  about  80^  Fahrenheit,  that  the  sirup  may  drain  more 
readily.  The  bung,  which  closed  the  orifice  of  each  mould,  having 
been  withdrawn,  an  awl  is  used  to  perforate  and  break  up  any  solid 
crust  which  may  have  formed  at  the  bottom,  and  the  mould  is  then 
placed  upon  an  earthen  pot,  into  which  the  syrup  drips.  Some* 
times  inclined  troughs,  which  lead  to  a  common  cistern^  are 
substituted  for  dripping  pots^  but  generally  the  lattet  are  pre- 
ferred. 

After  the  sirup  has  drained  somewhat  thoroughly  from  the  loaf, 
which  usually  requires  two  or  tliree  days,  the  surface  of  the  sugar 
is  scraped  and  levelled  by  means  of  a  circular  instrument,  known 
as  a  bottoming  trowel^  and  a  quantity  of  sirup,  made  of  pure  white 
sugar,  is  then  poured  upon  the  loaf.  This  sirup,  or  liquor ^  as  it  is- 
called,  sinks  down  into  the  porous  mass  and  displaces  the  colored 
mother-liquor  adhering  to  the  crystals.  The  operation  known  aft 
that  of  liquoring^  is  repeated  successively  as  often  as  the  refiner 
may  think  desirable,  after  which,  the  loaves  are  removed  from  the 
moulds  and  placed  in  the  stove  to  dry. 

23.  By  some  of  the  refiners  of  Europe,  the  skippings,  instead  of 
being  poured  into  moulds,  are  transferred  to  pneumatic  troughs,  or 
tigers^  as  they  are  sometimes  called,  which  are  rectangular  vessels, 
about  six  feet  long,  four  feet  broad,  and  two  feet  in  depth,  divided 
by  a  false  bottom,  made  of  wire  gauze  or  metallic  plates,  pierced 
with  numerous  holes.      Upon  this  false  bottom  the  skippings  are 
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spread  in  a  thin  lay^r,  and  the  sirup  is  caused  to  drain  thoroughly 
and  rapidly,  by  means  of  a  vacuum  formed  between  the  bottoms. 
These  pneumatic  troughs  have  been  used,  also,  in  the  English  colo- 
nies for  the  manufacture  of  sugar  from  cane  juice.  The  sugar  ob- 
tained with  them  is  said  to  be  much  superior  to  that  drained  in 
the  ordinary  way.  In  Cuba,  I  saw  these  tigers  in  the  refinery  of 
Mr.  Adams,  near  Mantanzas,  who  removes  the  sugar  from  them 
while  still  very  moist,  and  forms  it  into  loaves  by  stamping  it  in 
brass  moulds,  after  which  it  is  dried  in  an  oven.  The  loafsugar 
he  thus  makes  is  far  more  beautiful  and  compact  than  any  other 
which  I  have  seen  manufactured  from  pulvurlent  sugar  in  a  similar 
way.  To  loaves  thus  mechanically  made,  the  name  of  stamp  loaves 
is  given,  and  the  French  have  applied  the  term  sucre  tap6.  The 
method  is  followed  in  France,  principally  at  Marseilles,  and  in  the 
United  States  by  the  refiners  of  New  Orleans. 

Pneumatic  pans  have  also  been  employed,  in  <  connexion  with 
Rillieux's  apparatus,  by  Messrs.  Packwood  and  Benjamin,  in  Lou- 
isiana; these  gentlemen,  at  first,,  found  difficuly  with  them,  but 
they  have,  of  late,  used  them  with  perfect  ease  and  success.  (*) 

If  pneumatic  troughs  be  used  for  draining,  the  granulation 
should  be  performed  in  the  coolers  or  the  vacuum  pan;  for,  if  crys- 
tallixation  takes  place  to  any  extent  in  the  pneumatic  pan,  the  con- 
■cquence  would  be  that  the  perforated  bottom  would  become  ob- 
•tmcted. 

SI.  When,  in  refining  sugar,  the  sirup  has  been  concentrated  to 
tko  atriking  point  by  evaporation  in  open  vessels  to  236^  Fahren- 
htitf  and  then  transferrea  to  the  cooler,  the  subsequent  treatment 
Tmriea  according  to  the  nature  of  the  product  to  be  obtained.  If  a 
Iftige  and  solid  grain  be  desired,  then  the  cooler  is  about  two-thirds 
ilkd  with  successive  skippings;  and  the  whole  mass  being  well 
■ixed,  to  render  it  uniform,  is  allowed  to  remain  quiet  until  crys- 
tals begin  to  form  on  the  surface  and  upon  the  sides  of  the  vessel;  it 
is  then  stirred  gently  with  a  wooden  instrument,  resembling,  and 
called,  an  oar^  and  in  such  a  manner  as  to  diffuse  the  crystals  as 
nnclei  through  the  liquid;  after  this  stirring,  the  sirup  being  again 
permitted  to  be  quiet,  a  second  crop  of  crystals  is  formed,  which 
also  are  similarly  distributed  by  stirring.  This  operation  is  re- 
peated the  third  time,  and  the  mass  is  then  removed  into  the  moulds. 
This  method  answers  equally  well  for  the  inferior  grades  of  lump^ 
bastardy  etc. 

25..  In  France,  a  variety  of  refined  sugar  much  in  request,  espe- 
cially for  coffee,  and  of  a  very  white  and  spongy  texture,  is  manu- 
factured by  a  method  of  granulation  the  reverse,  almost,  of  that 
just  described.  The  cooler  is  filled  to  one-fourth  of  its  capacity 
with  sirup,  concentrated  to  the  usual  degree,  which  is  then  vio- 
lently agitated,  so  as  to  cause  evaporation   and  rapid  cooling;  the 


*  See  Appendix,  note  I. 
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crjstalizatioti  is  thereby  accelerated,  but  rendered  confused  and 
■finely  divided.  When  transferred  to  the  mouldsj  the  operatioo  of 
hauling^  ae  it  is  technically  termed,  is  performed  but  once;  the 
minute  crystals  are  separated  by  sirup  of  greater  tiensity,  in  con- 
sequence of  lower  temperature;  and  they  form,  when  drained, 
a  mass  of  little  solidity  or  brilliatiGy  of  graiii|  but  which  is 
more  readily  dissolved,  aiid  therefore  preferred  for  some  purposes. 
If  we  attempt  to  treat  sirups  of  inferior  quality  in  this  manner, 
they  form  stopped  loavesyor  a  pasty  mass,  from  which  the  molasses 
M^ould  n^t  drain  freely* 

The  operation  of  hauling^  above  mentioned,  is  simply  tbat  of 
stirring  the  sugar  in  the  mouldsj  in  such  a  manner  as  to  detach  the 
crystals  which  form  and  adhere  to  the  interior  of  the  vessel,  and 
mix  them  wilh  the  cryslalizing  mass,  so  that  they  act  as  nuclei,  a& 
weil  as  give  uniformity  to  the  loaf.  This  operation  is  usually  re- 
.peated  two  or  three  times;  after  which,  the  sugar  remains  undis- 
turbed for  several  hours,  and  is  then  allowed  to  drain. 

It  is  evident,  from  the  above,  that  the  results  obtained  by  refi- 
ners are  in  strict  accordance  with  the  principles  of  crystallization 
iffhieh  I  have  enumerated;  the  whole  secret  of  their  art  in  granu- 
lation being  to  allow  repose,  when  a  firm,  large,  and  brilliant  crys- 
tal is  desired,  and  to  agitate  violently,  and  coot  rapidly,  to  obtain 
a  very  fine  grain  of  opaque  whiteness,  and  without  the  lustre  due 
to  reflection  of  light  from  crystalline  planes;  and  in  each  instance 
to  produce  uniformity  of  texture,  by  distributing  as  nuclei  th^j 
crystals  which  form  more  readily  upon  the  sides  and  bottom  of  th« 
conlaining  vessel;  which  operation,  when  a  large  grain  is  desiredil 
is  performed  gently,  to  avoid  mechanical  injury  to  the  crystals. 

26.  The  method  employed  by  the  refiners  for  the  manufacture  of 
rock  candy  illustrates  beautifully  the  effect  of  gentle  and  undis- 
turbed crystallizationj  and  the  influence  of  nuclei.  For  this  pur^ 
pose  the  sirup  is  concentrated  highly  to  245^  Fahrenheit,  knowi 
to  the  French  refiners  as  petit  sov^i^^  and  at  which  bubbles  comi 
tnence  to  form  when  the  skimmer  is  moistened  with  sirup  ane" 
blown  upon,  as  above  described.  As  soon  as  the  concentrated  su- 
gar is  skipped  off  into  the  cooler,  it  is  immediately  transferred  in- 
to the  crystallizing  vessels;  these  are  usually  copper  pans,  in  the 
form  of  truncated  cones,  pierced  with  eight  or  ten  small  boles,  so 
that  threads  may  be  stretched  from  side  to  side;  upon  which 
threads  the  crystals  chiefly  attach  themselves.  To  prevent  any  es- 
cape of  sirup  from  the  holes  in  which  the  threads  are  fastened,  pa- 
per is  pasted  over  the  outside. 

The  crystallizing  vessels  being  previously  prepared,  they  are 
filled  as  rapidly  as  possible  and  placed  in  the  stove.  The  temper- 
ature is  kept  as  constantly  as  possible  at  about  100"^  Fahrenheit, 
and  every  possible  care  is  taken  to  avoid  any  disturbance  by  shak- 
ing, by  currents  of  air,  etc*  After  six  or  eight  days  the  pans  are 
•removed  from  the  stove,  and  the  sirup  drained  off  from  the  crys- 
tallized sugar,  by  perforating  the  crust  and  inverting  the  vessel. 
The  solid  contents  are  taktu  irom  the  copfier  pan  by  placing  it  ex- 
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ttrnaDy  and  far  a  hioment  in  boiling  water;  they  are  then  thor- 
oQ^bly  dried  by  warm  air,  and  in  this  condition  pass  into  com' 
merce* 

27,  The  mannfactuTers  of  beet  Fugar  in  France  employ  two  rae- 
tbods  of  crystallization;  one  analogous  to  that  for  making  rock 
candy,  just  described,  and  known  as  the  method  of  slow  or  regular 
crfstallizntioni  and  the  other  similar  to  ihat  of  the  refiners,  spoken 
cf,  10  contradistinction,  as  the  method  of  confused  crystallization^ 
or  crysfallization  in  mass^  but  oftener  as  the  method  by  concentrti' 
iii^nj  {la  cuite^)  or  the  quick  method.  The  preliminary  operations 
difft-r  almost  entirely  for  the  two  methods,  with  the  exceplion  of 
expressing  the  juice.  Indeed,  the  method  of  slow  crystaili^ation 
owes  its  use,  in  the  manufacture  of  beet  sugar,  entirely  to  the  em- 
pioyment  of  sulphuric  acid  for  defecation^  a  false  step  which  in- 
volves modifications  in  all  the  subsequent  operations.  Although 
sulphuric  acid  separates  tke  albumen  and  some  other  substances,  it 
also  acts  upon  the  sugar,  and,  unless  supersaturated  with  limCj  re* 
mains  in  small  quantities  in  the  sirup;  which,  therefore,  cannot  be 
concentrated  in  the  ordinary  method  to  235*^  Fahrenheit  without 
becoming  very  dark  colored.  Hence  the  necessity  of  a  different 
method  of  crystallizing  such  acidulated  sirups,  as  a  remedy  for  the 
eyils  incident  to  the  use  of  the  acid,  but  which,  however  meritori- 
€us  in  itself,  yet  is  designed  only  to  correct  erroneous  work,  and 
therefore  cannot  be  considered  an  improvement  in  the  general  pro- 
gress of  the  sugar  industry.  Since  the  use  of  coarse-grained  bone- 
blark  and  of  improved  methods  of  evaporation  has  become  general 
in  France,  the  manufacturers  of  beet  sugar  have  abandoned  this 
faulty  sulphuric  acid  or  slow  crystallization  process,  and  have 
adopted  the  practice  of  the  cane  sugar  makers  and  refiners,  or  the 
quit:k  method. 

When  sulphuric  acid  is  used,  and  the  beet  sugar  maker  there- 
fore foUowj  the  method  of  slow  crystallization,  he  boils  only  to 
32*  Beaum^.  This  limit  has  been  found  by  experience  the  best; 
for,  if  it  be  exceeded,  the  juice  becomes  too  deeply  colored,  and 
the  crystallization  will  progress  too  rapidly;  and  if,  on  the  other 
band,  the  sirup  be  made  dilute,  then  it  will  not  crystalline  for  a 
long  time,  and  is  apt  to  become  fermented*  When  the  sirup  has 
been  boiled  to  32"^  Beaume,  and  becomes  cooled  down  to  120*  to 
130^,  it  is  put  into  vessels  called  crystallizers,  of  the  dimensions 
of  3'3  inches  in  length,  14  inches  in  breadth,  and  4  inches  in  depth, 
which  are  made  of  tin  plate.  These  vessels  are  then  arranged  in 
a  stove,  or  heated  chamber,,  the  temperature  of  which  is  kept  regu- 
larly at  100^  to  llO*^  Fahrenheit;  in  this  store  the  sirup  evaporates 
gradually,  and  the  crystalline  crust  which  constantly  forms  upon 
the  surface  is  daily  broken,  that  it  may  not  pr^'vent  the  access  of 
the  air  to  the  fluid  portion  and  Impede  evaporation.  The  opera* 
tion  is  finished  at  the  end  of  sik  weeks,  and  the  crystallizers  are 
then  removed  from  the  stove,  and  inverted  over  a  cistern  to  drain 
off  the  larger  part  of  the  molaeses.  The  sugar  remaining  in  mass 
in  the  crystallizers  is  knocked  out  and  crushed  b^  \^^ss\w^\l%%.^%- 
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ral  times  between  two  cylinders  or  rollers.  It  then  constitutes  a 
pasty  pulp;  to  expel  the  molasses  from  which,  it  is  put  into  sacks 
and  subjected  for  twenty-four  hour%  to  the  action  of  a  powerful 
hydraulic  press;  in  this  state  it  is  thrown  into  commerce.  The 
sirup,  or  mother-liquor,  which  drains  or  is  expressed  from  the  su- 
gar, is  placed  in  crystallizers,  and  set  in  the  stove  to  evaporate 
and  produce  a  second  crop  of  crystals,  though  of  an  inferior  quali- 
ty; the  molasses  from  which,  being  similarly  treated,  yields  a  third 
and  still  inferior  product. 

The  manufacturers  of  beet  sugar  who  defecate  with  lime  and 
animal  charcoal  only,  and  who,  therefore,  employ  the  method  d  la 
cut76,  or  concentrate  the  sirups  to  235^  Fahrenheit,  transfer  this 
concentrated  sirup  to  the  filling  room,  (Pempliy)  which  is  artifi- 
cially heated  to  80^  Fahrenheit,  and  there  allow  it  to  stand  in 
coolers  until  crystals  begin  to  form.  This  will  take  place  for  good 
and  well  concentrated  sirup  at  225^  Fahrenheit,  for  second  pro- 
ducts at  200®  Fahrenheit,  and  at  170®  to  160®  Fahrenheit  for  third 
products.  It  is  then  filled  into  conical  moulds  similar  to  those  for 
bastard  sugar,  useJ  by  the  refiners;  the  crystals  being  at  the  time 
of  filling  distributed  as  uniformly  as  possible  through  the  mass  by 
stirring  in  the  coolers*  The  temperature  of  the  room  is  carefully 
kept  at  80®  Fahrenheit;  and  as  soon  as  the  contents  of  each  mould 
have  cooled,  the  bung  is  removed  to  permit  the  sirup  to  drain. 

If  the  sirup  has  not  been  thoroughly  concentrated,  it  may  be 
violently  agitated  in  the  cooler  to  evaporate  it  still  further,  in  a 
manner  similar  to  that  used  by  the  manufacturers  of  clayed  sugar 
from  cane  juice,  or  it  may  be  stirred  in  the  moulds  by  an  opera- 
tion like  that  practised  by  the  refiners,  and  called  by  them  hauling^ 
or  mouvage,  the  object  of  which  is  to  render  crystallization  more 
rapid  and  general  by  diffusing  nuclei  through  the  liquid.  In  the 
manufacture  of  beet  sugar,  however,  it  is  not  desirable,  aa  in  refin- 
ing, to  give  uniform  texture  to  the  loaves,  inasmuch  as  the  sugar 
is  crushed  before  it  is  sold,  and  therefore  presents  a  better  grain 
if  it  be  allowed  to  crystallize  without  much  stirring. 

28.  The  method  of  crystallization  employed  by  the  manufac^ 
turers  of  cane  varies  with  the  kind  of  sugar  which  is  to  be  made. 
For  muscovado  sugar  the  juice  is  struck  from  the  battery  or  strik' 
ing  teache  into  large  coolers  or  wooden  vats,  about  eight  or  ten 
feet  long,  four  or  five  feet  broad,  and  one  foot  deep;  the  chief  use 
of  these  vats  being  to  correct  faults  committed  in  one  skipping  by 
mixing  it  with  another  of  opposite  character.  Thus,  sirup  which 
is  highly  concentrated  becomes  mixed  with  and  compensates  for 
that  which  may  be  insufficiently  evaporated.  There  are  usually  a 
large  number  of  these  coolers,  and  the  strike  is  distributed  so  that 
it  may  form  a  shallow  layer  in  each.  This  layer  is  allowed  to 
granulate  before  another  layer  or  charge  is  added;  and  to  give  uni- 
formity, as  well  as  to  hasten  the  crystallization,  the  charges  are 
well  stirred  together.  After  remaining  in  the  vat  for  a  day,  and 
while  still  warm,  the  sugar  is  potted,  or  put  into  hogsheads,  which 
are  covered  with  boards  to  retain  the  heat,  and  which  stand  over 
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the  cistern  into  which  the  molasses  drains.  It  is  very  impor- 
tant that  the  suear  should  crystallize  in  large  and  perfect  grains, 
and  that  it  should  therefore  be  quietly  and  carefully  done,  as  well 
as  that  the  crystals  when  formed  should  not  be  broken;  and  cer- 
tainly the  method  just  described  must  be  considered  as  a  very  rude 
and  imperfect  mode  of  attaioing  the  desired  results. 

In  making  clayed  sugar  the  contents  of  the  battery/ when  con- 
centrated to  the  desired  degree,  235^  Fahr.,  which  is  known  by  the 
sirup  giving  the  corkscrew  curl  between  the  thumb  and  finger,  are 
transferred  as  quickly  as  possible  into  the  cooler,  and  there  imme- 
diately subjected  for  some  ten  or  fifteen  minutes  to  a  peculiar  agi- 
tation or  beating.  This  agitation  is  done  by  tossing  the  sirup  rap- 
idly and  frequently  with  a  copper  ladle  attached  to  a  long  handle, 
and  in  such  a  manner  as  to  throw  the  sirup  up  in  a  thin  sheet — an 
operation  not  easily  described,  and  requiring  a  little  skill  and 
strength  to  perform  aright;  the  desi|;n  of  which  is  to  present  a 
large  surface  for  evaporation  to  the  air,  as  well  as  to  cause  the  more 
rapid  crystalization. 

The  grain  of  sugar  thus  treated  would,  of  course,  be  rendered  ex- 
tremely fine  if  the  crystallization  were  allowed  to  proceed  far  in 
the  cooler;  but  this  is  prevented  by  transferring  the  sirup,  before 
it  granulates  much,  and  while  still  very  hot,  into  large  conical 
moulds,  exactly  like  those  employed  by  the  refiners  for  bastard 
sugar.  In  these  moulds  the  crystallization  is  quietly  completed, 
the  minute  grains  formed  in  the  cooler  acting  somewhat  as  nuclei 
for  the  production  of  a  larger  and  firmer  granulation.  After  the 
moulds  and  their  contents  have  attained  the  temperature  of  the 
atmosphere,  (which  in  the  West  Indies  is  almost  constantly  about 
80^  Fahr.i)  the  plugs  are  drawn  from  the  orifices,  and  a  small  por- 
tion of  the  molasses  drains  off.  This  molasses  is  called,  in  Cuba, 
miet  de  dtscarga — a  name  also  generally  applied  there  to  musco- 
vado tnolattes^  and  in  contradistinction  to  the  term  miel  de  purgOj 
or  clayed  molasses.  Without  waiting,  however,  for  the  miel  de 
descarga  to  drain,  and  as  soon  as  convenience  requires  that  room 
be  made  for  the  succeeding  skippings,  the  moulds  are  removed  to 
the  purgery — a  large  building,  the  floor  of  which  is  composed  of  a 
sort  of  grating  or  lattice  work,  made  of  narrow  boards,  crossing 
each  other  at  right  angles,  so  as  to  present  numerous  square  open- 
ings, in  which  the  moulds  are  placed  securely.  Below  this  floor 
inclined  troughs  are  arranged,  to  catch  the  molasses  which  drips 
from  the  sugar,  and  convey  it  to  the  cistern. 

For  the  manufacture  of  muscovado  sugar^  sirup  is  more  highly 
concentrated  (240''  to  245''  Fahr.)  than  for  that  of  clayed  sugar, 
(235*10  240**  Fahr.;)  the  degree  being  always,  however,  deter- 
mined only  by  the  proof  by  the  touch.  The  temperature  which 
the  juice  attains  when  evaporated  to  27^  Beaumd,  and  before  it  is 
transferred  to  the  battery,  I  found  to  be  214®  Fahr.  It  is,  there- 
fore, in  the  battery  that  injury  by  overheating  chiefly  and  perhaps 
almost  entirely  occurs. 

29.  The  experiments  of  M.  Dutrone,  in  St.  Domingo ^  %^^\ix  V.^ 
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have  been  directed  particularly  to  the  improyement  of  ihe  pro- 
cesses used  for  crystallizing  and  draining  both  muscovado  and 
clayed  sugars.  As  the  method  he  finally  and  successfully  prac* 
tised  is  peculiar,  and  appears  to  have  features  which  may  here- 
after be  adopted  more  generally,  and  with  advantage,  by  sugar 
manufacturers,  I  have  extracted  the  following  abridged  transla- 
tion and  description  of  it  from  Dutrone's  work:* 

'^The  purgeri^s,  in  the  new  method,  serve  both  for  crystallis- 
ing and  draining  the  sugar.  These  buildings  present  inside  sev- 
eral rows  or  files  of  crystallizing  vessels,  placed  over  trougnt, 
which  empty  into  several  cisterns.  The  crystallizing  vessels 
should  all  be  of  one  form  and  size.  A  certain  number  of  them  are 
devoted  to  the  crystallization  of  first  products,  and  the  sirup  from 
these  flows  into  a  separate  cistern.  Others  are  intended  for  second 
products,  or  sugar  inade  from  sirup  which  drips  from  the  first;  and 
similarly,  third,  fourth,  ^and  fifth  products  have  their  respective 
crystallizing  vessels  and  cisterns,  in  order  that  they  may  be  kept 
distinct,  and  worked  separately. 

'^Experience  has  proved  to  me  that  the  quantity  of  matter  which 
combines  the  greatest  number  of  advantages  in  the  crystallizstioD 
of  cane  sugar  is  fifteen  or  sixteen  cubic  feet;  for  which  reason,  the 
dimension^  given  to  the  crystallizing  vessels  are,  five  feet  in  leojith 
by  three  feet  in  breadth.  The  bottom  is  formed  of  tiro  planes,  in- 
clined six  inches,  (plate  IV',fig.  3,)  the  intersection  of  which  forms 
a  groove  in  the  middle.  In  this  groove  there  are  twelve  or  fifteen 
holes,  of  an  inch  in  diameter,  to  permit  the  sirup  to  flow  out.  The 
depth  is  nine  inches  at  the  sides,  and  fifteen  inches  at  the  centre. 
The  vessels  should  be  made  of  boards  one  inch  thick,  and  lined 
with  lead.  Before  lining  it,  the  holes  should  be  bored  in  the 
groove,  and  burnt  out  with  a  hot  iron  from  the  inside,  so  as  to 
form  a  small  cavity  surrounding  the  hole;  inconsequence  of  which, 
not  a  drop  of  sirup  will  remain  after  draining.  These  holes  must 
be  lined  with  copper  or  tin,  fastened  by  soldering  on  the  inside, 
but  by  small  nails  externally.  Such  vessels  combine  every  pos- 
sible advantage  in  crystallizing  and  purging  with  the  requisite 
strength. 

"The  crystallizing  vessels  rest  upon  strips  of  wood  two  inches 
thick  and  three  inches  broad,  which  are  fastened  to  and  supported 
by  upright  posts  eight  or  ten  inches  high,  at  the  distance  laterally 
of  ten  inches  from  the  middle  line.  The  troughs  are  of  masonry, 
lined  with  lead,  and  incline  toward  the  cisterns.  These  cisterns 
are  also  of  masonry,  covered  with  lead,  and  each  of  them  should 
be  of  the  capacity  of  one-half  the  contents  of  the  crystallizing 
pans  which  drain  into  it.'' 

30.  Dutrone's  method  of  manufacture  for  muscovado  sugar  is, 
then,  to  concentrate  only  to  8'/°. 5  or  88°  Reaumur,  (2295  or  230*^ 
Fahr.;)    and   having    mixed    well    together    two    skippings  in  the 


*  See  Datrone,  Piicvs  sxa  W  Caone^cli.  X  art.  Ill,  pajre  i84. 
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cooler,  to  transfer  the  whole  promptly  to  the  crystallizing  vessels;. 
the  holes  having  been'previously  stopped  with  wooden  plugs,  upon 
which  a  small  quantity  of  concentrated  sirup  has  also  been  poured^ 
which,  by  solidifying  as  it  cools,  renders  thent  perfectly  tight. 

'^After  twenty-four  hours,  the  crystallization  being  established 
at  the  surface,  and  on  the  sides  and  bottom  of  the  vessel,  the  whole 
nass,  still  fluid,  must  be  stirred  slightly  with  a  paddle,  the  sugar 
which  has  settled. to  the  bottom  being  carefully  raised  to  the  sur- 
face. After  this  operation,  crystallization  will  progress  simultane- 
oasly  through  the  whole  mass;  and  if  the  stirring  has  been  properly^ 
performed,  it  becomes  general  and  uniform  from  the  bottom  to  the 
top  ID  five  or  six  hours.  After  four  or  five  days,  the  whole  mass- 
bcine  cooled,  the  plugs  are  drawn;  the  draining  then  proceeds 
rapidly,  and  is  complete  after  six  or  eight  days.  The  sugar  is- 
alightly  moist;  but,  ftfter  a  little  exposure  to  the  air,  it  becomes 
perfectly  dry,  and  is  put  into  hogsheads. 

"By  concentrating  to  8S^  R.,  (230^  Fahr. ,)  we  obtain  one  half,. 
and  even  more,  of  all  the  sugar  in  the  juice;  and  if  the  defecation 
and  crystallization  have  been  properly  performed,  this  sugar  will 
be  of  the  highest  degree  of  purity  and  beauty  that  brown  sugar 
can  attain." 

For  clayed  sugar  Dutrone  recommends  that  the  sirup  be  concen- 
trated to  90^  R.,  (234 j^^  Fahr.,)  and  that  three  or  four  skippings 
be  well  and  carefully  mixed  together  in  the  cooler  before  filling: 
the  conical  moulds;  after  which,  the  work  proceeds  in  the  ordinary 
aanner. 

Section  VI. — On  drying. 

1.  Under  this  head  I  shall  treat  not  merely  of  the  simple  drying: 
of  sugars  which  are  moistened  by  only  a  slight  quantity  of  pure 
water,  but  also  of  those  preliminary  operations  by  which  the  dark 
colored  and  deliquescent  molasses  is  removed,  so  as  to  purify  the 
sugar,  and  permit  it  to  be  properly  dried;  the  most  important  of 
which  operations  are  those  of  claying  and  liquoring. 

On  clayingy  (Fr.  terrage.)  This  process,  the  office  of  which  is^ 
the  removal  of  the  dark  colored  mother  liquor,  or  molasses,  from 
crystallized  masses  of  sugar,  is  practised  by.  the  refiners,  as  well  as 
by  the  beet  and  cane  sugar  makers.  It  is,  when  compared  with 
liquoring,  a  very  rude  method,  and  should  be  abandoned  on  account 
of  the  great  waste  which  attends  it,  (25  per  cent.,  more  or  less.)' 
I  shall  not,  therefore,  discuss  all  the  details  of  this  process,  but 
limit  myself  to  a  succinct  description  of  it,  and  an  exposition  of 
the  facts  upon  which  an  intelligent  mode  of  proceeding  should  be 
based. 

The  clay  to  be  employed  should  be  perfectly  plastic,  and  must 
aot  contain  sulphuret  oi  iron,  which  may  become  soluble.  It  is 
well  mixed  into  a  fine  paste  with  water,  which  is  done  either  by 
hand  or  by  a  mill  turned  by  a  horse  or  other  power,  and  this  paste 
is  then  pat  upon  the  surface  ef  the  sugar,  previously  levelled  ia 
the  conical  mouldt;  the  water  passes  from  the  clay  slowly  and 
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gently,  occupying  the  interstices  between  the  grains  and  dissolving 
the  molasses,  and  a  portion  also  of  the  sugar.  The  saturated  solu- 
tion thus  formed  displaces  mechanically  the  molasses  from  the  in- 
ferior strata;  and  when  it  is  in  turn  displaced  by  the  sirup  formed 
by  the  water  with  the  purified  ^ugar  of  the  upper  portion  of  the 
mass,  the  whole  loaf  becomes  free  from  the  molasses. 

By  the  refiners  this  operation  of  claying  is  carried  to  the  exteat 
of  removing  the  molasses  entirely,  so  that  the  whole*  loaf  becomes 
white;  after  which  it  is  stood  upon  its  base  to  diffuse  the  sirup 
through  it  uniformly,  and  then  placed  in  a  stove  to  dry. 

But  by  the  manufacturers  of  clayed  sugar  in  Cuba,  and  else- 
where, it  is  found  too  wasteful  to  carry  the  process  of  claying  so 
far.  When  clayed  sugar  is  taken  from  the  mould,  or  knocked  oui^ 
as  it  is  called,  the  loaf  is  therefore  perfectly  white  only  at  its  bassi 
and  dark  brown  at  the  tip;  while  the  intervening  portions  are 
gradually  more  or  less  white  or  brown,  as  they  are  respectiTelj 
nearer  to  the  white  or  brown  end.  A  mass  so  constituted  may^  of 
course,  be  divided  into  an  indefinite  number  of  grades  of  sunri 
differing  from  each  other  successively  by  almost  imperceptible 
variations  of  color  and  quality. 

3.  In  Cuba,  it  is  customary  to  make  six  grades  of  clayed  sunr 
on  an  estate;  two  grades  of  white,  and  four  of  brown.  Only  five 
grades  are,  however,  made  from  one  single  loaf,  in  consequence  of 
the  white  sugar  of  each  loaf  being  classed  as  of  the  first  or  second 
quality,  by  comparing  it  with  standard  samples.  The  Spanish 
terms  or  names  for  these  six  qualities  are:  1st.  Blanco  primera^  or 
bianco  florete^  (Fr.  premiire^)  prime  white.  2d.  Blanco  segunda^ 
(Fr.  secondcj)  second  quality  white.  3d.  Quebrado  florete^  (Fr. 
iroisiime^)  superior  brown  or  yellow.  4th.  Quebrado  primeraj  (Fr. 
helle  quatridmey)  prime  brown.  5th.  Quebrado  segunda,  (Fr.  qua- 
^rt^mc  ordtnatrc,)  second  quality  brown.  6th.  Cucuruchcy  {Fr,  tete^) 
cockroach,  or  inferior  brown  tips.  It  is,  of  course,  the  desire  and 
aim  of  every  sugar  maker  to  manufacture  as   large  a  quantity  as 

f possible  oi  floret e  sugars;  but  the  quality  of  the  juice,  the  dose  of 
ime,  the  regulation  of  the  heat,  and  the  degree  of  purging,  are  so 
many  circumstances  which  modify  more  or  less  the  result.  Hence 
the  qualities  of  the  sugars  made  on  the  various  soils  and  estates,  as 
well  as  at  different  times,  or  by  different  persons,  on  the  same  es- 
tate, are  very  distinct,  and  command  higher  or  lower  prices  ac- 
cordingly. Hence,  also,  in  commerce,  the  six  grades  of  any  one 
estate  are  compared  with  those  of  other  estates,  and  much  more 
nice  and  numerous  classifications  of  quality  are  fixed  upon.  A 
prominent  and  experienced  merchant  oi  Cuba  informs  me  that  he 
classifies  clayed  sugars  into  about  fifty  varieties,  each  of  which  is 
better  adapted  than  the  others  to  some  particular  market,  and  there- 
fore has  its  own  proper  fluctuation  of  demand  and  supply,  and  con- 
sequent relative  price. 

3.  The  above  mentioned   facts  are  of  importance,  especially  in 
relation  to  any  tariff  framed  upon  the  basis  of  specific  duties;  for 


289  [  50  ] 

they  show  how  very  imperfect  and  insufficient  a  mere  classification 
of  **white,  yellow,  and  brown  clayed  sugars"  must  inevitably  be, 
and  also  how  difficult  it  is  to  make  proper  distinctions  which  shall 
depend  upon  any  thing  else  than  the  values.  The  color  of  sugars 
is  also  only  one  of  the  specific  differences  which  regulate  their  relative 
iraloeS)  and  for  clayed  sugars  it  rs  indeed  far  less  important  than 
tkft  strength  and  xlryness.of  the  grain.  Clayed  sugars  are  usually 
boaght  by  the  refiners;  and  so  easily  can  they  extract  all  coloring 
natter  by  the  improved  method  of  filtering  through  animal  char- 
coal, that  the  color  of  the  sugar  has  become  a  secondary  matter  in 
comparison  with  its  grain.  A  very  slight  difference  of  price  in 
faTor  of  brown  sugars  will  therefore  cause  them  to  be  preferred  to 
white. 

Under  the  tariff  of  1842  the  revenue  officers  experienced  great 
difficQlty  in  distinguishing  between  toAi/e  and  brown  clayed  sugars, 
aad  the  difficulty  was  not  even  entiiely  removed  by  the  method 
that  was  adopted,  of  selecting  standards  and  furnishing  samples 
thereof  to  the  surveyors  of  the  different  ports,  by  which  they 
could  BO  regulate  their  inspections  as  to  produce  u^iiformity  of 
practice.  Onc^  reason  for  this  difficulty  was  the  fact,  that  it  often 
requires  an  experienced  judge  to  decide  whether  a  sugar  is  to  be 
classed  as  bianco  segunday  or  quebrado  florete,;  between  wiiich  there 
is  only  a  shade  of  difference  ip  color,  if  any  at  all;  for  sometimes 
a  difference  of  grain  determines  to  which  class  the  sugar  properly 
belongs,  in  which  case  the  sense  of  touch  is  relied  upon  more  than 
the  eye;  a  good  grain  being  recognised  by  a  gritty  feeling  beWeen 
the  thumb  and  fortfinger,  like  that  produced  by  particles  of  sand. 
Between  absolute  whiteness  and  the  dark  brown  of  the  cucuruche 
there  are,  and  can  be,  no  division  lines  of  color  which  shall  dis- 
tinguish "toAi7e"  from  ^^yellow,^^  or  ^^yellow^-  from  *'6rpiD/i"  clayed 
sugars;  the  clayed  loaf  being  continuously  and  gradually  shaded 
through  every  interm^ediate  degree  of  brownness,  from  itssnow-white 
base  to  its  molasses-dyed  tip.  All  classifications,  therefore,  based 
upon  color  only,  are  arbitrary  and  capricious,  as  well  as  too  easily 
varied  to  be  adapted  to  revenue  purposes. 

After  clayed  sugar  has  been  knocked  out,  and  divided  into  the 
different  grades  of  white.and  brown,  which  is  done  by  cutting  up 
the  loaf  with  machetesy  (large  knives,)  it  is  dried,  first  by  exposure 
to  the  sun,  and  then  upon  shelves  in  awarm  apartment,  heated  ar- 
tificially to  about  120°  Fahr.,  resembling  the  drying  oven  of  the 
refiners.  In  this  oven  the  sugar  remains  usually  from  12  to  36 
hoars,  according  to  the  degree  of  defecation  and  of  purging,  and 
the  greater  or  less  exposure  to  the  sun  which  may  have  occurred; 
ifter  which  it  is  packed  in  boxes  and  sold. 

The  operation  of  claying  is  based  upon  the  fact  that  molasses  is 
more  readily  dissolved  by  water  than  crystallized  sugar;  and 
the  clay  performs  the  office  only  of  a  porous  substance,  from  which 
the  water  may  escape  uniformly  and  with  great  slowness.  Yet,  as  it 
is  necessary  that  a  large  portion  of  sugar  should  dissolve,  in  order 
to  expel  the  solution  of  molasses  sufficiently,  a  heavy  and  inevita- 
ble loss  attends  the  operation.    la  Cuba  the  manufacture  oC  clawed. 
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sugar  would  be  abandoned,  were  it  not  for  the  fact  that  most  of  it 
is  shipped  to  Europe,  and  commands  a  more  ready  sale  as  well  as 
a  higher  price  than  muscovado,  because  it  is  not  subject  to  the  lost 
by  draining,  which  always  occurs  with  the  latter. 

4.  On  liquoring^  (Fr.  clair^age.)  This  operation  has  for  its  ob- 
ject the  complete  removal  of  the  molasses  from  crystallized  sugar 
without  dissolving  an^  portion  of  the  sugar,  and  it  answers  the  de* 
sired  end  perfectly.  It  possesses  all  the  advantages,  and  is  free 
from  all  the  defects,  of  claying;  and  it  must,  therefore,  after  the 
vacuum  pan  of  Howard,  and  the  use  of  boneblack,  introduced  by 
M.  Derosne,  be  considered  as  the  third  very  important  step  in  the 
progress  of  the  sugar  industry  of  the  world.  To  the  fertile  inven- 
tion of  Mr.  Howard  this  valuable  improvement,  I  believe,  must  be 
ascribed. 

5.  The  following  description  of,  and  remarks  upon,  the  operatioii 
of  liquoring^  as  practit^ed  by  the  refiners  and  beet  sugar  makers  of 
France,  are  taken  from  a  work  of  M.  Payen,*  a  distinguished  su- 
gar  manufacturer  and  chemist. 

^^  Liquorine  requires  certain  precautions,  without  which  its  suc- 
cess is  very  doubtful.  Before  detailing  them,  we  will  indicate  the 
principles  upon  which  this  process  depends^  and  which  will  serve 
to  deduce  the  rest. 

^'  By  liquoring  is  meant  the  infiltration  of  a  saturated  sirup.  In- 
capable of  dissolving  sugar,  this  sirup  displaces  the  molasses  and  dis- 
solves the  coloring  matter  which  stains  the  surfaces  of  the  crystals; 
it  fills  the  interstices,  drips  out,  and  leaves  the  sugar  much  less 
colored. 

^'  The  conditions  essential  to  its  success  are: 

^'  1st.  That  the  liquor  be  sufficiently  charged  with  crystallizable 
sugar  to  dissolve  little  or  none  in  filtering. 

"  2d.  That  the  density  of  the  liquor  be  nearly  the  same,  or  very 
little  less  than  that  of  the  displaced  sirup;  for,  if  too  dense,  it 
would  flow  badly;  too  dilute,  it  would  escape  without  removing 
the  sirup  or  molasses  adhering  to  the  crystals.  To  attain  this  con- 
dition, the  sugars  used  for  preparing  the  liquor  must  be  more  im- 
pure in  proportion  as  those  to  be  liquored  are  so  likewise;  for  sat- 
urated sirups  are  the  more  dense  and  viscid  when  they  contain  un- 
crystallizable  sugar. 

^^3d.  That  the  crystallization  in  the  moulds  be  regular  and  not 
too  compact;  and  to  this  end,  that  it  commence  and  terminate  in 
Jthe  same  vessel. 

"  4th.  That  the  temperature  of  the  room  in  which  the  liquoring 
is  performed  should  not  vary  much,  and  be  at  least  70^  Fahren- 
heit. 

"The  operation  is  performed  as  follows:  For  the  raw  sugars  of 
the  first  jet,  the  crystallization  (entirely  performed  in  the  moulds) 


*  See  Ccv9  4e  CUflC^^  k\^ii^txi\^v];^  ^\  U<totrielle,  par  M.  Payea. 
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is  complete  in  fifteen  or  twenty  hours.  The  superficial  crystalline 
crust  is  then  remoyed  from  the  base  of  each  loaf  with  a  trowel,  and 
the  surface  is  levelled.  These  surface  scrapings  (or  rather  those 
of  a  previous  day's  work)  and  the  sugar  infused  with  sirup  have 
been  used  for  the  preparation  of  a  liquoty  which  has  been  fil- 
tered at  28®  or  30®  Beaum^,  boiling:,  through  a  filter  Dumont,  or 
which  has  been  concentrated  to'  32®  Beaum6,  boiling;  which  cor- 
responds to  36 J®  at  the  temperature  of  60°  Fahrenheit. 

^^About  five  pounds  of  this  liquor  is  poured  at  one  time  into  each 
drained  mould,  containing  about  60  pounds  of  crystallized  sugar,  if 
the  concentrated  sirup  put  intOvit  weighed  from  93  to  100  pounds. 
This  operation  is  repeated  three  times,  at  inte^'vals  of  12  hourS| 
and  the  sugar  is  then  allowed  to  drain  for  three  or' four  days.  At 
the  end  of  this  time  it  may  be  put  into  casks,  and  it  will  be  much 
drier  and  less  alterable  than  ordinary  brown  sugar. 

^'The  sugars  of  the  second  crystallization  are  treated  similarly. 
The  liquor  employed  for  them  should  be  more  dense,  33®  to  33^^ 
Beaum^,  boilings  or  37®  to  37J®,  cold.  It  is  prepared  from  inferior 
sugar,  and  the  solution  is  filtered  and  concentrated  as  above.  For 
refined  sugars  nearly  pure  sirup  must  be  employed,  which,  when 
saturated,  should  indicate  33®,  cold^  only.'' 

6.  More  recently  the  usual  practice  of  beet-sugar  manufacturers 
has  been  to  employ  for  making  the  liquor,  beet-juice  evaporated  to 
15®  or  18®  Beaum6,  in  which  they  dissolve  the  tips  and  crusts  of 
the  preceding  operations.  Experience  has  shown  them  that  liquor- 
ing should  be  performed  in  a  room  heated  to  70®  or  80®  Fahren- 
heit; and  it  has  become  customary,  after  knocking  out  the  loaves^ 
to  divide  them  in  two  pieces.  The  tips  are  placed  in  forms  over 
pots  to  drip,  and  each  half  of  the  loaf  is  stood  upon  its  base  to  dif- 
fuse the  retained  moisture  uniformly.  As  soon  as  they  become  firm, 
they  are  divided  into  smaller  pieces;  and,  when  dry,  they  are  as- 
sorted into  various  qualfties,  pulverized,  and  sold. 

7.  Of  the  details  of  the  mode  of  liquoring  of  the  different  re- 
finers of  the  United  States,  I  possess  no  information  which  I  feel 
at  liberty  to  publish.  The  principles  which  they  follow  are,  in 
substance,  the  same  as  those  given. by  M.  Payen  in  the  above  trans- 
lated extract.  The  temperature  of  the  apartment  in  which  the  op- 
eration of  liquoring  is  performed  should^  however,  be  higher  in 
proportion  as  the  quality  of  the  sugar  is  low. 

The  whole  art  of  liquoring  consists  in  the  uniform  and  judicious 
application  of  pu'^e  sirups  for  the  mechanical  displacement  of  mo- 
la'^sses.  It  must  be  borne  in  mind,  however,  that  mixture  will  al- 
ways take  place  to  some  extent,  and  that  the  coloring  matter  and 
other  impurities  of  molasses  are  very  soluble  in  saturated  solutions 
of  crystallizable  sugar.  The  economical  management  of  the  pro- 
ces,  therefore  requires  that  the  liquor  should  be  prepared  either  by 
decolorizing  defecated  juice,  or  solutions  of  crude  materials,  and 
that  the  rule  should  be  strictly  followed  never  to  degrade  any  re- 
fined article,  which  has  once  passed  throu£^h  the  who'e  series  of 
operations,  by  mixing  it  with  molasses.  £)eiecated  juice,  or  im- 
pure  solutions,  must  in  any  event   be  evaporaled  N^\\\x  ^x^^X^i  w 
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less  injury  and  loss;  to  employ  these,  therefore,  as  far  as  possible 
for  displacing  inapurities,  is  to  avoid  the  waste  of  belter  materials. 
In  so  doing,  we  do  not  change  chemically  the  composition  of  a  sin- 
gle atom,  and  the  mean  result  is,  therefore,  the  same;, nor  do  we 
cause  a  particle  of  sugar  to  retrograde  in  its  progress  towards 
chemical  purity.  A  simple  rule  may  be  given  and-  easily  remem- 
bered: to  consider  each  particle  of  sugar  as  advancing  through 
successive  operations,  which  should  result  in  its  being  obtained  in  a 
perfectly  refined  condition,  and  never  caust  it  to  retrace  its  progres- 
sive steps;  while  bastard  sugar  may  be  regarded  as  residual  crude 
matter,  inferior  even  to  the  raw  n^aterial,  and  be  either  refined  and 
treated  like  any  other  brown  sugar,  or  sold,  as  shall  be  found  most 
profitable,  in  the  markets. 

8.  Liquoring  may  be  performed  in  pneumatic  pans  or  tigers^  but 
there  is  some  difficulty  experienced  in  the  operation  in  consequence 
of  obstruction  if  it, be  urged  very  rapidly.  If,  at.  first,  the  sirup 
be  allowed  to  act  simply  by  its  own  .gravity,  then  the  filtration  be 
gently  accelerated  by  a  feehle  partial  vacuum  until  it  shall  .have 
drained  freely,  and  finally  the  air  be  drawn  through  Uie  mass  to 
remove  the  sirup  adhering  to  ^the  crystals,  I  do  not  doubt  that  no 
difficulty  will  be  experienced  with,  pneumatic  pans,  especially  if 
the  operation  be  performed  at  a  temperature  not  less  than  80^  Fah- 
renheit. 

When  I  w^as  in  Louisiana,  Messrs.  Benjamin  &  Packwood  had 
tried  unsuccessfully  to  overcome  the  above  mentioned  difficulty  of 
obstruction^  ihey  have  since  succeeded  entirely,  and  their  present 
crop  has  been  manufactured,  with  Rillieux's  apparatus  and  pneu- 
matic pans,  into  liquored  sugar  of  perfect  quality.  A  specimen  of 
this  sugar,  presented  to  me  by  Messrs.  Merrick  &  Towne,  has  been 
anal}  zed  by  me,  and  found  to  be  c/ieniically  pure.  Its  crystalline 
grain  and  snowy  whiteness  are  also  equal  to  those  of  the  best 
double  refined  sugars  of  our  northern  refiners.  To  Messrs.  Benja- 
min &  Packwood  must  therefore'  be  awarded  the  merit  of  having 
first  made  directly  from  a  vegetable  juice  sugar  of  absolute  chemi- 
cal purity,  combined  with  perfection  of  crystal  and  color.*  Tbis 
is  indeed  a  proud  triumph  in  the  progress  of  the  sugar  industry. 
In  the  whole  range  of  the  chemical  arts  t  am  not  aware  of  an- 
other instance  in  which  a  perfect  result  is  in  like  manner  obtained 
immediately. 

Sugar  ru^de  by  liquoring  dries  perfectly,  and  remains  dry;  where- 
as brown  clayed  sugars  art*  slightly  deliquescent,  and  consequently, 
by  absoibing  moisture  from  the  air,  they  become  moist,  though  they 
may  liave  been  carefully  and  thoroughly  dried  in  the  oven.  This 
property  of  deliquescence  is  due  to  the  molasses  retained,  from 
which  liquored  sugar  is  free. 

9.  The  stoves  employed  for  drying  by  the  refiners  and  the  manu- 


*  See  Appendix,  notes  F  and  I. 
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facturers  of  clayed  sugars  might  perhaps  be  in  many  instances 
highly  improved  by  rendering  their  operation  continuous.  This 
cpuld  be  done  by  constructing  them  horizontally  instead  of  verti- 
cally, or  in  the  form  of  an  ordinary  room.  The  heated  air  might 
pass  in  one  direction,  and  the  sugar,  by  a  railway,  in  the  opposite 
direction,  so  as  to  present  the  loaves  to  drier  and  warmer  air  in 
proportion  as  <hey  become  more  deprived  of  their  moisture. 

Section  VII. —  On  the  working  of  second  products. 

1.  My  object  in  this  section  is  chiefly  to  direct  attention  to  and 
set  forth  the  importance  of  second  products,  and  especially  of  the 
manufacture  of  sugar  from  ordinary  molasses. 

Under  this  head  I  shall  not  undertake  to  give  any  systematic 
method  of  extracting  sugar  from  the  mother- liquors  obtained  by 
successive  crystallizations,  and  which  shall  lead  to  the  greatest 
economical  results;  for  the  particular  modes  to  be  followed  in  each 
instance  will,  I  hope,  be  sufficiently  evident  from  the  facts  given  in 
the  preceding  chapters.  System  should,  however,  pervade  all 
Urge  manufacturing  operations;  but  it  must  be  varied  as  particular 
and  often  unexpected  circumstances  may  require. 

When  vacuum  pans  are  used  for  evaporating  and  boneblack  for 
decoloiizating  cane  juice,  the  sirup  which  drains  from  the  sugar  is 
so  pure  and  light  colored  that  a  second  evaporation  will  still  give 
white  sugar. 

2.  The  refiners  have  long  be^n  in  the  habit  of  reboiling  the  si- 
rups which  drip  from  their  loaves.  They  classify  their  products 
successively  into  double-rejinedy  single  loafj  lump,  bastard,  znA  ma* 
lasses,  and  the  sirups  f'om  articles  of  higher  grade  yield  the  su- 
gars of  inferior  quality. 

3.  By  the  beet  sugar  mak<e|rs,  also,  the  sirups  or  mother-liquors 
are  successively  evaporated;  and  the  inferior  sugars  thus  obtained 
constitute  an  important  item  in  the  economy  of  this  branch  of  the 
sugar  industry.  The  sirup  which  drains  from  the  first  crystalliza- 
tion yields  sugar  of  the  second  quality,  the  riesidual  sirup  from 
which,  in  turn,  furnishes  third  products;  and  so  on  sometimes  even 
to  a  forth  and  fifth  crystallization,  if  the  sirup  will  bear  it.  This 
successive  boiling  ceases  when  the  sirup  marks  44^  Beaume,  for 
then  crystallization  will  no  longer  take  place.  . 

The  sirups  which  drain  of  themselves  from  the  crystallized  su- 
gar are  called  green  sirops,  {sirops  verts.,)  and  those  which  are  dis- 
placed by  clayinp  or  liquoring  are  called  runnings,  or  dwippings^ 
(strops  couverts.) 

The  runnings  from  first  and  second  products  are  usually  mixed 
and  concentrated  with  the  green  sirup  of  the  first  products,  to  ob- 
tain the  second  products;  and  the  green  sirup  from  the  second  pro- 
ducts furnishes  alone  the  third  products,  which  generally  are  not 
liquored,   and    are    very  inferior.     Usually,    it   is  the    sirup   which 
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drains  from  these  third  products  which  constitutes  the  molasses  of 
the  beet  sugar  manufacture. 

The  use  to  which  this  molasses  is  applied  is  chiefly  that  of  dis- 
tillation into  alcohol;  for  which  purpose  the  molasses  is  diluted  to 
one-tenth  of  its  original  strength.  The  mixture  is  then  treated 
with  a  small  quantity  of  sulphuric  acid,  if  necessary,  to  neutralize 
any  alkaline  salts,  and  placed  in  large  vats  to  ferment,  2  to  3  per 
cent,  of  yeast  being'employed  to  t-xcite  fermentation.  The  change 
is  complete  in  three  days,  and  the  liqoior  obtained  by  the  first  dis- 
tillation is  of  the  strength  of  19o.  By  a  second  distillation  it  is 
then  rectified  to  3So.  In  this  manner  beet  molasses  yields  about 
30  per  cent,  by  weight  of  alcohol,  of  0.93  strength.  The  residue 
from  the  distillation  is  dried  and  burnt,  to  extract  from  it  the  pot- 
ash which  is  contained  in  such  molasses,  usually  in  the  proportion 
of.  about  10  per  cent.  The  disagreeable  taste  derived  from  the 
pulp  of  the  beet  prevents  this  molasses  from  being  employed  for 
domestic  purposes. 

4.  In  Louisiana,  the  molasses  of  the  cane  has  until  lately  been 
usually  considered  as  an  article  from  which  no  sugar  of  good 
quality  can  be  readily  extracted;  in  accordance  with  the  accepted 
notion  that  it  consists  rather  of  some  mucilaginous  substance  formed 
by  the  destructive  action  of  beat,  than  that  it  is  simply  a  saturated, 
though  an  impure,  solution  of  sugar  and  water,  inasmuch  as  it  is 
the  mother-liquor  from  which  the  sugar  has  crystallized. 

Recently^  however,  more  correct  views  have  been  adopted,  and 
on  some  of  the  plantations  the  molasses  has  been  evaporated  with 
a  yield  of  40  per  cent,  of  sugar  of  fair  quality;  a  practice  which 
should  become  general,  and  which  should  serve  to  dispel  from  the 
minds  of  the  planters  the  incorrect  views  of  the  chemical  nature  of 
molasses  which  they  have  heretofore  entertained. 

5.  The  practice  in  the  West  India  islands  will  be  interesting  to, 
and  is  worthy  of  the  attention  ol,  the  planters  of  our  country.  In 
Cuba,  both  from  muscovado  and  clayed  sugars,  the  molasses  re- 
spectively called  miel  de  descarga  and  miel  de  purga  is  .either  sold 
for  exportation  or  distilled  into  rum.  The  quantity  of  rum  manu- 
factured in  that  island  may  be  considered  trifling.  It  does  not  con- 
stitute a  beverage  of  the  white  population,  who  are  remarkable  for 
their  temperate  habits;  and  the  interest  of  the  planter  causes  him 
to  withhold  it,  except  as  a  medicine,  from  his  negroes,  who  are 
passionately  fond  it. 

6.  Formerly,  large  quantities  of  the  molasses  of  this  island  were 
sent  to  New  England,  and  there  distilled  into  rum;  a  great  portion 
of  which  was  used  in  the  African  slave  trade,  and  the  rest  con- 
sumed in  this  country.  Since  the  slave  trade  has  been  checked, 
and  the  use  of  distilled  spirits  has  gone  out  of  fashion,  this  industry 
ias  declined.   The  reduction  of  the  drawback  on  domestic  distilled 

Bpiritsy  under  recent  tariflfs,  has  also   operated  as   a  further  check 
pon    it.     The   comparatively    sm^W  c^\x^u\\\\^^  '^^V  4\^\\VWd   are 
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either  consumed  at  home  and  in  Canada,  or  sent  to  Africa,  as 
shown  by  the  reports  of  the  commerce  and  navigation  of  the  United 
States,  Perhaps  it  is  owing  in  part  to  the  effect  of  the  above  men- 
tioned circumstances  that  the  more  legitimate  industry  of  extract- 
ing sugar  from  molasses  by  evaporation  in  vacuo  has  arisen  at  the 
north. 

7.  In  the  British  West  Indies  the  molasses  is  generally  distilled 
with  the  skimmings  of  the  juice,  and  the  rum  which  they  make  is 
celebrated  for  its  flavor.  In  the  French  islands  it  is  considered  far 
preferable  to  extract  sugar  from  the  molasses.  The  additional  in- 
vestment of  capital  required  for  distillation  is  avoided,  and  the 
products  obtained  sell  for  nearly  the  same.  The  planters  of  those 
islands  appear  to  have  had  correct  views  of  the  chemical  composi- 
tion of  molasses,  and  to  have  conducted  their  operations  with  con- 
sequent intelligence  and  skill.  The  competition  which  they  have 
encountered  in  France  from  the  beet  sugar  industry  has  probably 
diffused  a  spirit  of  enterprise,  which  has  caused  them  to  advance  in 
improvements  greatly  beyond  the. Spanish  and  British  islands. 

8.  The  following  results,  given  by  the  Marquis  de  Ste.  Croix,* 
will  show  the  advantages  of  the  French  practice  in  comparison 
with  that  of  distillation,  and  also  furnish  a  description  of  the  pro- 
-C€88  employed:  220  gallons  of  molasses  sold  at  0.6  fr.  per  gallon, 
amount  to  132  francs,  ($24  55.)  If  this  molasses  be  distilled  into 
ram,  and  we  suppose  it  to  give  the  maximum  yield  of  gallon  for 

Sllon,  then   it   will   produce,   at   0.9  fr.   per   gallon,  198  fr.,  or 
6   83,  no   deductions  being  made  for  fuel,  labor,  or  expense  of 
apparatus. 

Again,  if  we  convert  the  molasses*  into  sugar  we  need  no  peculiar 
apparatus,  and  it  demands  less  labor.  The  yield  of  crystallizable 
sugar  will  be  33  per  cent,  of  the  weight  of  the  molasses  employed, 
and  we  shall  have  44  per  cent,  of  second  molasses.  Hence  220 
gallons  yield  330  kilogrammes  of  sugar  (727.32  pounds)  and  96 

5allons  of  molasses.     This  sugar  sells  for  0.4  fr.  per  kilogramme. 
*herefore, 

330  kilog.,  at  0.4  fr.  per  kilog.,  give 

96  galls.,  at  0.6  fr.  per  gall.,  give 


132.0  fr., 
57.6  fr., 

or 
or 

$24  55 
10  71 

189.6  fr.,     or      35  26 


By  skilful  manufacture  we  may  obtain  from  molasses  37  per 
cent,  of  sugar  and  40  per  cent,  of  second  quality  molasses.  If  the 
sirup  be  evaporated  with  proportional  results  a  third  time,  we 
obtain , 


•  See  Fabrication  Actaelle  du  Sucre  auz  Colonies:  Paris ,  1843. 


132  fr., 
58  fr., 
24  fr., 

or 
or 
or 

or 

124  55 

10  79 

4  46 

214  fr., 

39  80 

[501  ^S6 

ftunr  of  second  boilin|(,  as  above 

146  kUo|^.  of  third  sugar,  at  0  4  fr.  per  kilog. 
40  galls^  of  molatsea,  at  0.6  fr.  per  gall.... 


Hence  it  appears  that  the  profits  of  evaporating  sirups  a  third 
time  are  scarcely  sufficient  to  compensate  for  the  increased  con- 
sumption of  time  and  fuel;  and  that  the  profits  of  distillation  so 
slightly  exceed  those  obtained  by  a  single  evaporation  of  the  molas- 
ses, that  they  do  not  justify  the  additional  cost  of  machinery  and 
labor. 

9.  The  molasses  is  evaporated  in  the  French  islands  either  in  the 
ordinary  trains,  or  in  a  distinct  train  appropriated  to  this  purpose. 
The  fau,lt  is  often  committed-of  diluting  it  with  water,  but  the  more 
intelligent  planters  mix  it  with  half  its  own  volume  of  juice,  to 
render  it  sufficiently  liquid  for  filtering.  This  mixture  indicates 
about  29^  Beaum6  when  the  canef  juice  marks  10"^.  It  is  then  dele- 
cated  with  lime,  and  sometimes  with  a  small  quantity  of  fine  bone- 
black,  according  to  the  usual  method.  If  this  defecated  liquor  be 
then  filtered  through  Taylor's  filters,  it  yields  a  bettef  sugar  than 
is  obtained  from  cane  juice  alone  which  has  not  been  similarly 
clarified  and  filtered.  And  when  the  defecated  solution  is  filtered 
first  through  Taylor^s  filters^  and  then  through  the  Dumontj  or 
coarse  boneblack  filter^  it  gives  as  perfect  a  result  as  could  be  de- 
sired. 

10.  Dutrone  seems  to  have  been  led  by  his  investigations  to  cor- 
rect ideas  with  reference  to  the  chemical  composition  and  the  value 
of  molasses.  The  method  he  recommends  of  crystallizing  at  a  low 
degree  of  concentration  furnishes,  of  course,  larger  quantities  of 
sirups  or  molasses;  and  these  sirups  are  evaporated  again  and 
again,  so  as  to  yield  third  and  fourth  products.  To  the  successive 
evaporation  of  the  sirup  the  only  limit  is  that  prescribed  by  the 
effect  of  the  soluble  impurities  which  become  concentrated  in  the 
mother-liquor  by  the  repeated  crystallizations  of  sugar. 

11.  The  planters  who  manufacture  clayed  sugar  have,  hereto- 
fore, paid  no  attention  to  the  separation  of  the  molasses  which 
flows  from  the  loaves,  when  first  placed  in  the  purging  house,  and 
during  the  first  stages  of  the  operation  of  claying,  from  the  sirups 
which  escape  towards  the  close  of  the  process,  and  which  then 
consist  of  little  else  than  a  solution  of  sugar  in  water.  The  whole 
flow  together  into  one  common  cistern,  through  troughs  usually  ill 
adapted  for  the  conveyance  of  such  viscid  substances.  Fermenta- 
tion takes  place  to  a  very  considerable  extent  in  the  troughs,  and 
progresses  still  further  in  the  cistern.  It  is  to  this  fermented  mass 
that  the  name  of  clayed  molasses  is  applied.  In  the  Fiench  islands 
it  is  sometimes  evaporated,  but  in  the  Spanish,  the  miel  de  purga^ 
^s  it  is  called,  is  sold  for  expoiX^UoH)  ^.n^  c^^mui^Tid^  a.  lower  price 
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tban  muscovado  molasses^  to  which  it  is  greatly  inferior,  by  retioa 
of  the  acetous  fermentation  it  has  undergone. 

A  more  sensible  and  advantageous  system  might  be  adopted  by 
the  clayed  sugar  manufacturers,  if  they  would  copy  after  the  prac- 
tice of  the  refiners  and  beet  sugar  makers  of  Francei  with  refer- 
ence to  the  extraction  of  sugar  from  their  inferior  sirapt|and  who 
studiously  avoid  mixing  the  green  sirups  which  drain  at  first 
{torn  the  iecond  runningSy  and  drippings^  as  they  are  technically 
called. 

Similar  care  should  be  taken,  by  planters  who  may  follow  the 
practice  of  liquoring  sugars,  to  avoid  mixing  sirups  of  finer  quality 
witn  those  of  lower  grade;  and  each  should  adopt  a  systematic 
method  for  working  these  sirups  analagous  to  that  of  the  refiners. 

Section  VIII. — On  the  use  and  treatment  of  animal  charcoal. 

1.  Charcoal  has  long  been  known  to  possess  the  property  of  ab- 
sorbing certain  gases  with  great  energy,  and  it  has,  consequently, 
been  used  as  a  disinfecting  agent.  This  power  it  possesses  in  a  re- 
markable degree,  but  which  varies  for  different  gases;  thus,  for  in- 
stance, recently  ignited  wood  charcoal  absorbs — 

90  times  its  own  volume  of  ammonia; 

85  do  do  hydrochloric  acid; 

55  do  do  sulphuretted  hydrogen; 

35  do  do  carbonic  acid; 

9  do  do  oxygen. 

The  gases  are,  therefore,  not  only  absorbed,  but  condensed  with 
great  force.  It  would  require  a  pressure  of  ninety  atmospheres, 
or  1,350  lbs.  to  the  square  inch,  to  compress  ammonia  into  the 
space  it  occupies  when  thus  condensed  in  the  pores  of  char- 
coal. This  absorbing  powe.r  of  charcoal  is  mechanical,  and  is  at- 
tended with  no  chemical  action,  for  the  gases  may  be  expelled  un- 
changed by  heat  alone.- 

2.  Equally  remarkable,  though  even  more  obscure  in  its  theory, 
18  the  property  which  charcoal  possesses  of  absorbing  the  coloring 
matters  of  vegetable  substances,  first  observed  by  Lowitz,  of  St. 
Petersburgh,  and  since  carefully  studied  by  MM.  Payen  and  Bussy. 
This  property  is  not  confined  to  any  one  kind  of  charcoal,  and  va- 
ries in  intensity  with  the  porosity,  or  state  of  mechanical  division. 
Substances  which  melt  before  carboni^tion,  furnish  a  charcoal  of 
great  brilliancy  of  lustre,  and  entirely  destitute  of  decolorizing 
power.  Vegetable  charcoal  has  its  efficacy  greatly  increased  by 
ignition  with  some  soluble  salt,  which  is  afterwards  washed  out 
thoroughly.  The  coke,  or  charcoal  of  bituminous  schist,  is  emi- 
nently decolorizing;  but  the  charcoal  which  seems  to  be  the  most 
powerful,  is  that  obtained  from  animal  substances,  and  especially 
when  calcined  with  various  soluble  salts. 

3.  The  following  table  of  the  results  obtained  by  M.  Bussy,  fur- 
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nishes  accurate  information  of  the  comparative  decolorizing  powers 
of  the  different  kinds  of  charcoal. 


Kind  at  charoonl  of  the  weight  of  1  gram- 
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0.33 
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0.33 
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0.14 
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1,6 
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Blood  hurat  whb  phosphate  of  hme- ,....« 
Glue  burnt  with  ciirbunate  ot  potash.  ,i.ij| 
White  of  ^^g  burnt  with  same  subitt&oce  .  p 

GliLten  barnt  with  same  sobstanoe  . , 

Cbarcoal  rrotn  the  acetate  of  potash , 

Charoi^ai  J'rom  tlio  carbooate  of  aoda  • ,  •  p , , 
Lnmpblaek  not  burnt ....,...,,.  * ...««,» . 

Lampblaok  burnt  with  OKrbonate  of  pot  ash 

Bo  neb  lack  after  the  extraction  oft  ho  earth 

of  the  boue  by  acid  and  burning  with 

pOtaS^h  ,   ..  4    .    4    .    ,    4    .   4    ,    -    »   4 ,    .    .    4   «    .    .    ^   H, 

Boncblrick  troated  with  acid. , . « 4  • k  i 

Oil  burnt  with  phosphate  of  lime, , . .    . .  *  i  * 

Boneblaclt  from  a  siil-ftmrnoniac  factory, , , , 

4.  The  decolorizing  power  of  animal  charcoal  was  made  the 
subject  of  a  prize  essay  by  the  Pharmaceutical  Society  of  Paris; 
and,  to  the  researches  of  M.  Bussy,  the  results  of  which  are  given 
in  the  above  table,  the  first  prize  was  awarded.  The  society  also 
awarded,  at  the  same  time,  a  second  prize  to  M.  Paypn,  whose  in- 
vestigations established  the  following  facts,  which  I  give  in  his 
own  language. 

1st.*  The  decolorizing  power  of  different  kinds  of  charcoal  de- 
pends chiefly  upon  the  state  of  division  in  which  they  occur. 

2.  In  the  different  sorts  of  charcoal,  the  carbon  alone  acts  on 
the  coloring  matters,  which  it  separates  by  uniting  with  them. 

3.  In  the  application  of  animal  charcoal  to  the  refining  of  sugary 
it  acts  likewise  upon  the  vegetable  extractive  matters  and  pro- 
motes crystalization  in  a  remarkable  manner. 

4.  In  conformity  with  the  above  principles,  the  decolorizing 
action  of  the  different  varieties  of  charcoal  may  be  so  modified 
that  the  most  violent  may  become  the  most  active. 


*  See  Payen,  Cours  de  Chim.  Ei^m.  et  Indus. 
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6.  The  distinction  which  some  have  sought  to  establish  between 
nimal  and  vegetable  charcoals  is  incorrect,  and  we  should  substi- 
Dte  for  it  that  of  charcoals  of  dull  and  brilliant  lustre. 

6.  The  various  ea»thy  substances  usually  mixed  with  charcoal, 
ad  with  animal  charcoal  especially,  exert  only  an  influence  of  po- 
ition  relatively  to  that  of  the  carbon;  they  serve  as  auxiliaries  by 
eparating  the  particles  of  carbon,  and  thus  render  it  more  free  to 
ct  upon  the  coloring  matter. 

7.  Animal  charcoal,  besides  the  decolorizing  power,  has  the 
roperty  of  removing  lime  in  solution  either  in  water  or  in   sirup. 

8.  The  ammonia  in  boneblack  is  sometimes  useful  in  the  treat- 
lent  of  sirups. 

9.  Neither  vegetable  charcoal  nor  charcoals  generally  possess 
le  property  of  removing  lime  either  from  water  or  sirups. 

10.  By  means  of  an  instrument  called  the  decolorimeter  it  is 
My  to  measure  exactly  the  decolorizing  power  of  all  kinds  of 
bar  coal. 

5.  The  decolorimeter  of  M.  Payen  will  be  readily  understood  by 
(ference  to  plate  IV,  fig.  4.  To  measure  with  it  the  decolorizing 
ower  of  any  specimen  of  charcoal  a  proof  liquor  must  first  be 
repared,and  for  which  purpose  a  solution  of  either  indigo  or  mo- 
istes  is  made;  molasses  should  be  preferred  for  this  purpose  by 
agar  manufacturers,  since  the  decolorizing  power  varies  somewhat 
)r  different  kinds  of  coloring  matter,  as  is  shown  by  the  table  of 
tuBsy.  Equal  portions  of  this  proof  liquor  are  then  to  be  sub- 
scted  to  the  action  of  equal  weights  of  the  several  kinds  of  char- 
oal  to  be  compared.  The  proportion  used  in  each  experiment  by 
[.  Payen  was  one  decilitre  (6  ounces)  of  the  proof  solution,  and 
iro  grammes  (30  grains  nearly)  of  the  charcoal.  The  two  are  well 
kftken  together  and  then  filtered;  the  filtered  liquor  is  poured  into 
le  vertical  tube  (C  D)  of  the  instrument;  then  by  drawing  out 
le  horizontal  sliding  tube  (B  B)  a  stratum  for  observation  is  ob- 
lined  of  any  desired  length.  The  observer  looks  through  the 
iding  tube  towards  the  Tight,  and  adjusts  the  length  of  the 
Tttum  Qf  liquid  through  which  he  looks,  until  he  obtains  the  same 
itensity  of  color  as  that  presented  ))y  a  portion  of  the  proof-liquor 
iclosed  between  two  discs  of  glass  (P)  attached  to  the  instru- 
.ent:  he  then  reads  off  the  divisions  of  the  graduated  scale  upon 
le  horizontal  sliding  tube.  The  first  whole  division  marks  a 
lickness  exactly  equal  to  that  of  the  liquid  between  the  two  discs: 
0.  2  indicates  a  double  thickness;  No.  3  a  triple,  and  so  on.  If, 
>r  any  specimen  submitted  to  examination,  the  corresponding  di- 
ition  of  the  scale  observed  were  No.  2,  it  is  evident  that  the 
tiarcoal  would  have  extracted  exactly  one-half  of  the  coloring 
atter.  The  subdivisions  of  the  graduated  scale  permit  the  frac- 
onal  parts  of  the  decolorizing  power  to  be  determined. 

6.  The  great  efficacy  of  M.  Dumont's  method  of  employing 
)ar8e  grained  instead  of  fine  boneblack,  has  led  aome  \iv\.o  %t\^- 
ious  views  upon  the  subject.     Its  superiority  is  lo  )a^  ^\Xt\\kM\.^^ 
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solely  to  the  manper  of  its  use,  the  sirups  being  brought  more  in- 
timately and  thoroughly  into  contact  with  the  carbon,  by  the  pro- 
cess of  filtration,  than  is  practicable  with  fine  boneblack  in  the 
method  usually  employed  to  cause  it  to  act  upon  them..  Unlets 
stired  constantly,  it  settles  by  its  weight  to  the  bottom.  If  it  were 
practicable  to  filter  sirups  rapidly  through  fine  boneblack,  the 
effect  produced  would  be  greater  than  that  attained  by  using  coarse 
boneblack. 

Mechanical  subdivision  by  multiplying  the  points  of  contact 
greatly  increases  the  decolorizing  power.  For  saccharine  solu- 
tions, the  density  of  which  does  not  exceed  12^  or  15®  Beaum^,  a 
mixture  of  one-third  of  fine  with  two-thirds  of  coarse  boneblack 
will  allow  filtration  to  be  performed  readily,  and  will  act  far  more 
energetical!}  than  coarse  boneblack  alone.  In  refining  sugary 
when  fine  boneblack  alone  is  used,  it  is  requisite  to  employ,  ten  per 
cent,  for  clarification;  but  when  the  clarified  liquid  is  alterwardt 
to  be  subjected  to  filtration  through  Dumont  fillers,  from  three  to 
five  per  cent,  only  of  fine  boneblack  is  usually  employed  in  clari- 
fication, and  nine  or  ten  per  cent,  of  coarse  boneblack  is  subie- 
quently  used  in  filtration.  Fine  boneblack  which  has  been  once 
used  retains  the  impurities  it  has  absorbed  so  tenaciously  that  it 
can  only  be  used  as  a  refuse  article  for  manure,  while  coarse 
grained  boneblack  may  be  revived  and  employed  successively  and 
indefkiitely  any  number  of  times. 

7.  When  boneblack  has  been  badly  prepared  by  overheating  and 
exposure  to  the  air,  so  as  to  burn  off  a  portion  of  the  carbon  united 
with  the  earthy  substances,  its  energy  will  be  greatly  impaired. 
This  fault  will  be  readily  detected  by  the  eye.  When,  however, 
it  has  been  sufficiently  calcined,  it  will  retain  a  portion  of  animal 
oil  and  empyreumatic  matter,  which  will  impart  a  peculiar  dis- 
agreeable flavor  to  (he  sirup,  which  cannot  be  removed.  Bone- 
black  of  this  sort  is  not  easily  moistened,  and  may  be  recognized 
in  preparing  the  filters,  and  sometimes  even  by  the  taste  or  smell. 
When  calcined  a  second  time  these  defects  are  corrected,  and  it 
may  thus  be  rendered  fit  for  use. 

8.  A  slight  portion  of  carbonate  of  ammonia,  produced  by  the 
calcination  of  the  animal  matter  in  the  bones,  and  retained  by 
boneblack,  and  a  portion  of  carbonic  acid,  absorbed  perhaps  from 
the  air,  are  probably  the  agents  which  accomplish  the  separation 
of  lime  from  solution  in  water  or  in  sirup.  In  performing  this 
office,  the  carbonate  of  ammonia  is  decomposed;  hence  it  becomes 
expedient,  when  boneblack  is  used  to  remove  any  excess  of  lime 
which  may  have  been  employed  in  defecation  as  well  as  for  de- 
colorization,  to  add  always  a  fresh  portion,  not  only  for  the  pur- 
pose of  restoring  that  which  may  have  been  separated  in  siftingi 
in  the  form  of  fine  boneblack,  but  also  to  retain  always  a  portion 
of  the  carbonate  of  ammonia  of  which  it  has  been  deprived;  and 
2D  places  where  carbonate  of  ammonia  may  readily  and  cheaply  be 
obtained  J  (as  may  generaUy  be  dou^  ^V  t^v%bV\%»Vimeut8  for  gas  light- 
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ing,  in  which  bitutninious  coal  is  employed,)  it  wonld  perhaps 
be  found  advantageous  to  wash  a  portion  of  the  coarse  boneblack 
with  a  weak  solution  of  carbonate  of  ammonia  previous  to  its  use 
in  filtration.  Such  a  practice  would  be  attended  with  no  injurious 
consequences,  and  would  doubtless  enable  the  manufacturers  of 
cine  and  beet  sugar  to  correct  promptly  and  readily  the  effects  of 
any  excess  of  lime  used  in  defecation. 

9.  There  are  two  methods  in  use  for  preparing  boneblack.  The 
first,  which  was  employed  by  MM.  Payen  and  Pluvinet,  and  which 
is  also  still  used,  consists  in  calcination  in  large  iron  retorts,  sim- 
ilar to  those  used  for  the  manufacture  of  gas  for  lighting  cities. 
The  bones,  previously  stripped  of  adhering  flesh  and  fatty  matter, 
are  placed  in  a  retort,  and  then  kept  at  a  chefry  red  heat  for  36 
hours;  after  which,  they  are  taken  out  and  ground.  In  the  other 
method  the  bones  are  put  into  iron  pots,  of  such  form  that  one  pot 
can  be  made  to  enter  for  a  short  distance  within  another,  their 
mouths  being  together;  so  that  two  pots,  when  joined,  form  a 
single  closed  vessel.  Into  the^e  pots,  thus  united,  about  50  pounds 
of  bones  are  usually  put,  and  a  furnace,  resembling  somewhat  a 
potter's  kiln,  is  then  charged  with  a  number  of  these  pots  and 
their  contents,  wliich  are  piled  one  above  another  in  the  fu  nace; 
ifler  remaininti:  at  a  red  heat  in  the  oven  until  calcination  is  com- 
plete, and  until  the  furnace  has  cooled  down,  the  pots  are  taken 
out  and  their  contents  emptied  and  ground. 

10.  The  mills  employed  for  grinding  calcined  bones  are  of  three 
kinds:   one  with  vertical  rollers,  which  is  objectionable  on  account 
of  the  I'irge  waste  it  produces  in  fine  dust;  another,  with   horizon- 
tal stones,  resembles  the  common  flour  mill;  a  third,  and   the  best, 
consists  of  a  pair  of  steel  rollers,  with  grooved  surfaces,  which  may 
be  set  at  any  ilesired  distance  apart,  so  as  to  divide  the'  bones  into 
grains   of   corresponding  size.      After  the  bones  are  grouuii,  they 
are  twice  sifted:  fir^t,  through  a  sieve,  the  interstices  of  which  are 
Iarf;e,  an<l    which    is    intemled    to    remove    any  lumps  which   may 
have  escaped;    and  then  through  a  fine  sieve,  to  remove  the  fine 
powder  and   retain  the  grains.     These  grains  vary  in  size,  usually 
from  0  03  to  0  2  of  an  inch'  in  diameter.      It  is  desirable,  however, 
that  they  should  be  of  uniform  >ize,  and  not  exceed  .01  inch. 

11.  The  revivification  of  boneblack  is  a  subject  of  the  first  im- 
portance t>  the  manufacturers  of  sugar,  as  upon  it  depends  the 
economy  of  its  use.  Various  methods  have  been  from  time  to 
time  attempted,  but  none  of  them  apparently  with  perfect  success. 
The  coloring  anti  other  extractive  matters  absorbed  form  a  coat- 
ing, which  may  be  removed  either  by  fermentation  or  calcination. 
Calcination,  when  performed  in  close  vesscU,  is  apt  to  injure  the 
decolorizing  power,  by  fusing  the  vegetable  substances  absorbed 
mod  converting  them  into  carbon  of  brilliant  lustre  and  feeble  en- 
ergy. Fermentation,  on  the  other  hand,  seems  to  perform  its  of- 
fice bat  imperfectly,  and  to  leave  a  large  proportion  of  the  impuri* 
ties  in  the  boneblack. 
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12.  M.  Derosne  has  consequently  adopted  the  method  of  cal- 
cination in  contact  with  air;  and  he  has  endeavored  to  render  the 
process  continuous  by  employing  a  sort  of  Archimedes  screw,  sur- 
rounded by  a  furnace,  and  thus  kept  at  low  red  heat.  The  bone- 
black,  after  being  well  washed  and  dried,  is  put  on  at  one  end, 
and  the  helix  or  screw  turning  slowly  upon  an  axis  slightly  in- 
clined, the  revolutions  cause  it  to  pass  through  and  escape  at  the 
other  end.  A  convenient  tub,  furnished  with  paddles  or  arms  at- 
tached horizontally  to  a  vertical  axis,  is  employed  for  washing  the 
boneblack.  This  tub  is  also  supported  upon  a  horizontal  axis, 
upon  which  it  can  be  turned  so  as  to  incline  it  t«  any  desired 
extent,  and  even  invert  its  position,  by  which  arrangement  the 
water  may  be  first  poured  off,  and  the  boneblack  then  emptied  in 
mass. 

Many  of  the  refiners  employ  for  revivification  of  boneblack  the 
iron  retort  of  gas  manufacturers,  which  certainly  combines  great 
simplicity  of  construction  with  convenience  of  use.  Whether  or 
not  the  difficulties  which  M.  Derosne  has  sought  to  obviate  by  his 
method  of  calcination  in  contact  with  air  can  be  overcome  by  the 
regulation  of  the  heat  in  such  retorts,  I  have  not  the  requisite  in- 
formation to  decide.  It  is  to  be  regretted  that  but  little  has  here- 
tofore been  generally  known  of,  and  that  but  few  investigatioos 
have  been  made  upon,  this  important  subject,  of  which  a  few  of 
the  refiners  only  seem  to  possess  any  considerable  knowledge — the 
fruit,  usually,  of  dearly  bought  experience. 

13.  The  only  method  of  fermentation  which  has  been  extensively 
tried  is  that  by  M.  Peyron,  which  I  have  already  spoken  of  under 
the  head  of  filtration,  and  to  which  article  I  therefore  refer.  This 
method  has  the  advantages  of  continuous  action,  and  of  not  requir- 
ing the  boneblack  to  be  removed  from  the  filters,  and,  could  it  be 
rendered  practicable,  it  would  doubtless  constitute  an  important 
improvement  in  the  manufacture  of  sugar. 

14.  A  third  process  has  lately  been  invented,  which  consists  in 
the  transmission  of  a  current  of  steam,  heated  to  the  temperature 
of  750^,  through  the  boneblack;  of  the  results  of  this  method,  tried 
in  France,  I  have  no  means  of  accurate  information.*     It  is,  how- 

•  From  an  excellent  article  in  De  Bow's  Review  of  January,  1848,  written  by  J.  P.  Ben- 
jamin, esq.,  I  make  the  following  extract : 

''  Much  talent  and  labor  have  been  expended  in  devising  the  best  means  of  economical  and 
effeotive  revivification,  but  I  have  heard  of  none  so  satisfactory  as  that  by  heated  steam, 
which  I  saw  employed  on  a  very  largo  scale  at  two  refineries  near  Paris.  The  black  i* 
thrown  into  a  heap  after  being  used  and  allowed  to  ferment  j  it  is  then  thrown  into  a  cylinder, 
and  steam  heated  to  750°  F.  is  driven  through  it.  The  steam  is  heate^l  by  bemg  conveyed 
through  pipes  placed  in  a  furnace  so  arranged  as  to  heat  them  red  hot  without  the  actaal 
oontact  of  the  fire,  which  would  otherwise  soon  destroy  them,  nor  is  this  process  at  all 
attended  with  the  danger  which  might  be  supposed  lo  result  from  the  great  degree  of  heat 
imparted  to  the  steam.  The  action  on  the  boneblack  is  at  once  to  destroy,  by  combinatioa 
all  the  organic  matters  absorbed  into  the  pores  of  the  charcoal  during  its  use  and  the  purga- 
tion of  all  impurities.  The  black  when  taken  from  the  cylinder  is  simply  lifted,  and  is  foood 
then  to  be  fully  equal  to  new  black,  and  one  of  the  refiners  stated  that  he  oonsiderod  it  as 
constantly  improving  by  this  process.  This  mode  of  revivification  is  cheap,  simple,  and  supe- 
rior to  any  with  which  1  am  acquainted.  The  proper  degree  of  heat  in  the  tubes  is  Tery  simply 
indicated  by  dropping  on  them  a  metalUo  alloy,  which  melts  at  750^  F.  Whea  tne  alloy 
begins  to  melt,  the  boneblack  ia  ^hai%t^t«A<^^U«i8iv^Wi,<^>8kVl^Q(^       (be  ejhakir 


303 


[50] 


tTtTj  spoken  of  in  terms  of  high  commendation  by  some  of  the 
most  distinguished   French  chemists,  and  particularly  by  M.  Du- 


15.  No  process  of  revivification  can  be  considered  complete 
irkich  does  not  remove  not  only  the  vegetable  extractive  mattery 
bat  also  the  lime  which  is  absorbed  by  the  boneblack,  at  least  oc- 
casionally. Unless  this  lime  is  removed,  it  accumulates  and  ob- 
•tracts  the  pores  of  the  boneblack,  so  as  greatly  to  impair  its  en- 

wgy- 

16.  Fermentation  in  contact  with  atmospheric  air^  by  the  pro- 
IvctioD  of  acetic  acid,  decomposes  the  carbonate  of  lime,  and  forms 
a  soluble  acetate;  but  if  calcination  be  employed,  it  is  necessary 
to  wash  the  bo'neblack,  from  time  to  time,  with  dilute  acid.  For 
this  purpose  sulphuric  acid  is  used  by  some,  and  muriatic  by 
others:  sulphuric  acid,  however,  is  to  be  preferred,  not  only  for 
the  sake  of  economy,  but  also  because  the  sulphate  of  lime  exerts 
BO  injurious  effect,  if  it  be  not,  as  M.  Braconnot  thinks,  positively 
beneficial;  while  the  chloride  of  calcium  formed  by  the  muriatic 
aeid  possesses  deliquescent  properties  which  may  be  highly  detri- 
■ental,  unless  the  salt  be  entirely  removed  by  washing  before  the 
boneblack  is  used  for  filtration. 

17.  The  chief  objection  to  the  use  of  boneblack  in  the  manufac- 
tnre  of  sugar  has  heretofore  been  its  cost.  It  is  usually  manufac- 
tnred  in  large  cities,  from  materials  gathered  at  considerable  ex- 
pense; but  the  fact  should  be  taken  into  consideration,  that,  when 
properly  revivified,  it  may  be  used  repeatedly,  and  until  it  is  grad* 
valfy  consumed  by  the  losses  it  sustains  each  time  in  consequence 
of  the  fine  boneblack  detached  and  separated  from  it  in  the  idc- 
chanical  operations  to  which  it  is  subjected.  The  only  expense, 
therefore,  sustained,  is  that  which  is  necessary,  from  time  to  time, 
to  restore  the  portions  thus  lost;  and  with  reference  to  the  ori^i* 
nal  investment  of  capital  employed,  it  may  be  safely  stated  that  liie 
additional  profits  of  a  single  crop,  resulting  not  only  from  the  im- 
provement in  the  quality,  but  also  in  the  increased  quantity  of  the 
•Qgar  manufactured,  will  far  more  than  repay  the  outlay. 

18.  This  statement  is  proved  by  the  following  comparative  re- 
salts  of  refining  with  and  without  boneblack,  given  by  M.  Payen: 


Old  method,  by 
lime. 

Method  by 
fine  bone- 
black. 

Method 
by  coarse 
boneblack. 

Sagar  in  loaves  and 
clayed  lamps.... 

Bastard  sagar 

Molasses • 

Per  cent. 

55.276  to  57. 86 

17.085  to  17.36 

25.126  to  22. 18 

2.513  to   2.60 

Per  cent. 

61.63 

18.29 

17.34 

2.74 

Per  cent. 

63.47 

19.23 

14.41 

2.89 

Loss,  &c • 

*  See  Pomas^  Traiu  de  Chim.j  vol.  vii,  ^.l%\^ 
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19.  It  has  been  consiHered  a  great  desideratum  to  obtain  some 
abundant  and  cheap  substitute  for  boneblack.  The  only  substance 
as  yft  successfully  tried  is  bituminous  schist.  In  France  there  is 
at  M^nat,  in  the  depart6ment  of  the  Puy  de  Dome,  an  extensive 
geological  formation  of  this  rock.  It  has  been  thoroughly  tried  by 
the  manufacturers  of  beet  sugar,  who  prt-pare  it  for  use  by  calcina- 
tion, in  a  manner  precisely  similar  to  that  employed  for  boneblack. 
It  is  composed,  according  to  the  analysis  of  M.  Payen,  of  silica, 
alumina,  carbon,  a  bituminous  oil  analogous  to  petrqlium,  the  sul- 
phuret  of  iron,  sulphate  of  alumina,  and  ammonia,  and  some  traces 
of  nitrogenous  matter,  soluble  in  boiling  water.  And  after  calci- 
nation, It  forms  an  intense  blac  k  mass,  which  is  light,  friable,  and 
easily  reduced  to  powder;  it  is  then  composed  of: 

Silic  a 50  to  60. 

Carbon 20  to  85. 

Alumina  . .  •• • 10  to  15. 

Iron  and    sulphur '••••  2  to     3. 

Sulphate  of  lime,        ?  . 

e   1   u  *      r    1       •        }  traces. 

Sulphate  of  alumina,  ) 

20.  When  bituminous  schist  is  used  in  fine  powder,  it  communi* 
cates  a  brown  tinge  to  the  sirup.  But  the  principal  objection  to 
its  use  in  the  manufacture  of  cane  or  beet  sugar,  as  a  substitute  for 
boneblack,  is,  that  it  does  not  possess  the  property  of  removing 
lime,  as  well  as  colorini^  matters.  As  a  decolorizing  agent,  it  is, 
however,  more  powerful  than  boneblack;  and  it  might,  therefore, 
be  used  with  advantage  in  refining.  The  power  of  absorbing  lime 
wight  be  imparted  to  it  by  washing  it  in  a  solution  of  carbonate  of 
ammonia,  or  by  mixing  it  with  a  portion  of  boneblack. 

21.  It  is  stated*  that  a  mixture  of  10  parts  of  clay,  2  parts  of  tar, 
sind  50  of  fine  bituminous  coal,  well  kneaded  together,  and  then 
ralcined,  will  form  a  composition,  the  decolorizing  power  of  which 
is  but  little  inferior  to  that  of  boneblack;  and  it  is  evident,  from 
the  principles  established  by  MM.  Payen  and  Bussy,  that  we  may 
readily  form  an  almost  indefinite  number  of  artificial  decolorizing 
mixtures.  But  in  attempting  to  substitute  any  thing  in  the  place 
of  the  boneblack  now  employed,  regard  must  be  had  to  the  me- 
chanical properties  requisite  for  filtration  and  revivification  without 
considerable  loss;  as  well  as  to  the  property  of  removing  lime, 
even  more  important  and  indispensable,  perhaps,  than  that  of  de- 
colorizdtion.  Whatever  agent  may  be  employed,  filtration  -will, 
probably,  be  found  necessary  to  proiluce  sufficient  mechanical  con- 
tact, and  obtain  a  proper  eflFective  result. 


•iee  Berzelius,  Trait,  de  Chim. 
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CHAPTER  m. 

K-THC  DRAWBACK    UPON    REFINED    SUOAR,  AND    THE  IMPORTATION    OF 
MOLASSES  AND  SIRUPS. 

1.  On  dratv^ck. — Upon  this  subject  I  have  already  submitted, 
n  a  former  occasion,  (Sen.  Doc.  No.  165,  2d  sess.  28th  Cong.,)  a 
uU  and  accurate  report;  to  which  I  beg  leave,  therefore,  to  refer. 

The  conclusions  I  had  then  reached  were,  however,  open  to  two 
ibjectioDs:  first,  that  they  were  based  upon  limited  operations,  the 
efining  of  25,000,000  pounds  of  raw  sugar;  and,  secondly,  that  the 
esults  were  known  to  me  only  by  the  testimony  of  interested  wit- 
.esses. 

2.  I  therefore  visited  nearly  all  the  large  and  many  of  the 
mailer  refineries  of  the  Atlantic  cities,  in  obedience  to  my  instruc- 
ioDS,  and  with  the  object  of  ascertaining  the  average  or  general 
teld  of  refining,  both  by  the  modern  and  by  the  old  process.  The 
rlai|  I  pursued,  when  practrcable,  was,  to  examine  the  books  of  the 
stablishment,  and  compute  the  yield  of  refining  from  the  amount 
Iraw  su^ar  purchased,  and  refined  sugar  sold.  These  books,  de- 
igned only  for  the  private  use  and  information  of  their  owners, 
rere  submitted  to  my  examination  confidentially,  but  willingly 
md  unhesitatingly;  and  from  knowledge  thus  acquired  and  ex- 
endedi  I  can  testify  that  thirty  per  cent,  of  white  Sugar  and 
eventy  per  cent,  of  brown  (the  average  mixture)  yield: 


By  the  vacuum  process: 

lefined 55.4 

iastard 22.9 

If  classes 17.4 

)irt  and  waste 4.3 


100.0 


By  the  old  process: 

Refined 53.6 

Bastard 19.6 

Molasses  .•••• 24.5 

Dirt  and  waste •••  2.3 


100.0 


Of  the  53.6  per  cent,  of  refined  sugar  obtained  by  the  old  pro- 
:e88|  40  will  be  loafy  and  13.6  will  be  lump  sugar. 

Under  the  present  tariff  it  i2>  not  improbable  that  a  larger  rela- 
ive. proportion  of  white  clayed  sugar  may  be  used;  if  so,  the  yield 
)f  refined. sugar  will  increase,  at  the  expense  chiefly  of  the  molas- 
les.  I  should  suppose  that  it  might  even  become,  by  the  vacuum 
)rocess: 

Refined 55.0  to  60.0 

Bastard 23.0  to  23.0 

Molasses 17.5  to  12.5 

Dirt  and  waste • 4.5  to     4.5 

100,0      100  .Q 
SO 
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3.  On  molasses- — Much  has  of  late  been  said  of  fraudulent  im- 
portations of  sugar  into  the  United  States  under  the  name  of  mo- 
lasses. The  whole  subject  has  been  thoroughly  and  carefully 
investigated  by  the  Treasury  Department,  and  the  results  are  given 
in  Sen.  Doc.  No.  12,  28th  Cong.,  2d  sess.,  and  in  Sen.  Doc.  No. 
467,  1st  sess.  29th  Congres?;  to  which  1  therefor  refer. 

From  the  analyses  of  sugars  and  molasses,  givea  in  the  latter  of 
the  above  mentioned  Senate  documents,  and  also  in  chapter  4,  of 
this  report,  it  will  appear  that  West  India  or  Louftiana  molasses 
contains,  on  an  average,  52  per  cent,  of  crystallizable  suear;  that 
the  maximum  amount  of  such  sugar  contained  in  the  best  and 
strongest  sirups  of  the  refiners,  or  in  sirop  de  batterie  is  60  per  cent.; 
and  that  considerable  quantities  of  sugar  have  been  manufactured 
from  molasses  by  some  of  the  refiners  of  New  York,  Philadelphia, 
and  Baltimore.  In  Senate  Doc.  No.  12,  28th  Congress,  2d  session, 
it  is  stated  also  that  35  per  cent,  of  good  sugar  is  the  yield  ob- 
tained by  these  refiners,  a  fact  w^hich  is  confirmed  by  information  I 
have  myself  received. 

4.  This  branch  of  manufacture  owes  its  origin  entirely  to  the  op- 
eration of  our  revenue  laws.  The  relative  duties  being  dispropor- 
tionate, it  has  resulted  that  sugar  could  be  readily  and  profitably 
extracted  from  molasses.  Ignorance,  however,  led  to  suspicions 
that  a  business  apparently  so  forced  must  be  based  upon  fraud;  and 
these  suspicions  were  sustained  by  the  incorrect  statements  and  cal- 
culations of  persons  whose  interests  are  opposed  to  the  importation 
and  consumption  of  foreign  sugar,  and  who  therefore  were,  proba- 
bly, too  easily  convinced  of  what  they  would  fain  imagine  to  be 
true.  The  fact  that  molasses  contains  52  per  cent,  of  crystallizable 
sugar,  and  sirop  de  haffcric  but  60  per  cent.,  should  put  the  ques- 
tion entirely  at  rest,  especially  under  any  tariflF  which  levies  a  low 
duty  on  the  former  and  a  prohibitory  duty  on  the  latter.  (See 
chapter  4  for  further  information.) 

5.  One  of  the  principal  objects  proposed  by  Congress  in  these 
researches  was  understood  to  be  the  discovery,  if  practicable,  of 
some  chemical  mode  of  distinguishing  genuine  7;io/a^^€^  from  sirop 
de  batterie^  and  which  might  also  be  used  by  the  custom-house 
officers  with  certainty  and  ease.  After  a  thorough  investigation 
of  the  whole  subject,  I  confidently  assert  that  no  such  discovery  is 
possible,  for  the  simple  reason  that  sirop  de  batterie  of  inferior 
quality  often  differs  from  superior  molasses  (sirop  d^egout)  in  no 
sensible  respect,  whether  we  rely  upon  chemical  tests,  or  such  as 
are  furnished  by  our  senses.  The  sirop  de  batterie  occasionally 
imported  in  small  quantities  is  a  choi(!e  article,  carefully  selected 
for  the  purpose;  no  one  can  mistake  it  for  ordinary  molasses,  or  be 
deceived  by  it;  but  when  the  juice  from  which  it  was  made  has 
been  limed  in  excess,  or  the  heat  has  been  improperly  managed, 
sirop  de  batterie  presents  all  the  peculiarities  by  which  molasses 
(sirop   d^egout)  is  usually   recognised,  and    even   the  most  experi- 

enced  sugar  planters  might  mistake  the  one  for  the  other. 
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The  inspectors  of  the  revenue  and  grocers  are  familiar  only  with' 
tlasses;  they«rarely  see  strop  de  batteries  know  little  of  it,  and 
lally  believe  it  to  resemble  somewhat  in  taste  and  color  a  solir* 
n  of' sugar  and  water:  they  are  confident  they  could  detect  it 
lily;  but  as  they,  never  see  it  of  inferior  quality,  they  would 
DOSt  invariably  be  deceived  by  it.  I  am  sure  I  could  introduce 
ander  the  name  of  molasses,  without  much  trouble,  under  any 
iff  act  which  may  levy  discriminating  duties  upon  sirups  and 
ilasses.  It  will  be,  therefore,  found  difficult  to  distinguish  mo* 
ses  from  sirop  de  hatterie^  nor  can  chemical  analysis  remove  or 
any  degree  lessen  the  difficulty. 

Chemically,  cane  juice  must  be  regarded  as  a  solution  of  sugar 
water,  combined  with  impurities  only  to  a  very  slight  degree. 
'  defecation  some  of  these  impurities  are  separated;  the  rest  still 
bain  in  solution.  They  vary  also  in  quantity  with  the  soil,  the 
lather,  the  climate,  etc.  Sirop  de  hatttrie  is  this  defecated  and 
d  impure  aqueous  solution  of  sugar,  concentrated  by  evaporation 
36^  or  40^  Beaume,  or  to  saturation;  molasses  is  the  same  satu- 
:ed  solution  as  mother  liquor,  indicating  from  35^  to  40^  Beaume, 
er  concentration  to •235*^  Fahrenheit,  or  42^  Beaum^j  and  the 
fittfllization  of  a  portion  of  the  sugar  in  cooling.  As  the 
antity  of  the  impurities  varies  continually,  there  is  of  course  no 
ed  relative  chemical  composition;  and,  ihough  molasses  will 
irays  contain  a  somewhat  larger  proportion  of  foreign  matter 
in  the  particular  sirup  from  which  it  was  made,  it  may  be  much 
rerthan  the  sirop  de  batterie  on  an  adjoining  plantation;  or  even 
the  same  estate  after  a  change  of  weather.  The  distinction, 
srefore,  is  one  of  attending  circumstances,  and  not  of  composi- 
d;  and  the  question  to  be  answered  is  one  of  fact, — whether  or 
t  the  solution  has  ever  been  allowed,  in  part,  to  crystallize?  If 
,  it  must  be  called  molasses^  otherwise  sirop  de  batterie.  Direct 
limony  is,  therefore,  the  only  evidence  which  can  be  adduced  to 
termine  the  matter.  A  decided  flavor  of  caramel  furnishes  pre- 
nptive  evidence  that  concentration  has  been  pushed  high  enough 
'  crystallization;  but  this  will  often  prove  deceptive,  for  battery 
op  may  also  be  flavored  with  caramel,- if  any  portion  becomes 
erheated  upon  the  sides  or  bottom  of  the  pan. 

S.  It  has  been  erroneously  asserted  by  some  that  the  miel  of 
iba  is  sirop  de  batterie^  or  sirup  in  some  other  equally  pure  slate, 
d  that  therefore  it  is  imported  fraudulently  if  under  the  name  of 
iiasses,  I  will  therefore  add,  that  in  that  island  sirop  de  batterie 
always  called  melado.  Clayed  molasses  is  known  as  miel  dt 
r^a,  and  the  molasses  which  drips  from  brown  sugar  in  the  hogs- 
ads  is  called  raiel  de  descarga.  The  latter  is  in  every  respect 
e  tame  as  Louisiana  molasses,  and  is  superior  to  miel  de  purga. 
le  term  miel  de  descarga  is  also  applied  to  the  first  drippings 
tm  the  moulds  into  which  the  strike  is  put  for  making  clayed 
gar,  but  this  article  is  trifling  in  quantity  and  never  exported. 

7.  The  simplest;  readiest,  and  by  far  the  mosl  itWc^X^  \.^^\.  l^t 
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distinguishing  sirups,  is  the  sense  of  taste,  guided  br  experience; 
and  whenever  the  taste  can  detect  no  appreciable*  difference,  the 
commercial  values  will  not  vary.  Hence  no  difficulty  would  arise 
if  the  duties  on  sirups  and  molasses  bear  the  same  proportion  to 
their  respective  values.  But  discriminating  duties  may  ^ive  rise 
to  perplexing  questions  of  facts,  and  in  such  cases  chemical  an- 
alyses can  afford  no  assistance. ' 
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CHAPTER  IV. 

t 

I51I.T8E8  OF  SPECIMENS  OF  MOLASSES,  SUGARS,  ETC. ,  RECEIVED  FROX 
THE  REVENUE  OFFICERS. 

The  following  chapter  contains,  in  tabular  form,  the  results  of 
the  analyses  of  all  the  different  specimens  of  molasses,  of  seHiments 
taken  from  casks  in  which  moliasses  was  imported,  and  of  the  dif- 
Terent  varieties  of  muscavado  and  clayed  sugars,  which  were  col- 
lected by  the  revenue  officers  of  the  ports  of  Boston,  New  York, 
Philade^>hia,  and  Baltimore,  during  the  months  of  August  and 
September,  1845,  and  sent  to  me  for  chemical  examination,  in  com- 
pliance  with  orders  issued  by  the  Treasury  Department;  also,  the 
memorandum  of  the  inspector,  the  external  indications  of  quality, 
the  data  furnished  by  optical  observation,  and  the  resulting  per 
cent,  of  crystallizable  sugar  for  each  specimen;  which  together 
constitute  a  complete  description,  and  will  enable  the  importer  to 
recognise  the  article  which  he  may  have  introduced.  The  numbers 
of  the  tables  correspond  with  the  numbers  prefixed  to  each  descrip- 
tive memorandum. 
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48 

52.47 
48  58 

44.78 

55,47 

54.46 

65.14 

56.19 

60.31 

59.71 

46.81 

53.07 

51.5 

55.60 

62.14 

58.52 

60.73 

48.84 

46.55 

55.24 

54.91 

53.41 

60.38 

57 

56.80 

49.47 
60.33 
60.95 
64.30 
53.82 
48.93 
55.89 
50.66 
56.24 

51.60 
58.54 
57.97 
52.49 
50.17 
56.89 
50.13 
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TABLE  II  —Sediments. 

V 

No. 

Molasses  taken  from— 

Consistence. 

Per  cent,  of 
cane  sugar. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Cienfaegos... 
■ . • .do. . . • • • 

No.  21 

Pasty 

74.34 
73.90 
78.62 
79.55 
81.58 
74.38 
75.34 
72.20 
81.47 
78.40 
68.59 
77.87 
74.19 
,  78.54 
70.80 
76.16 
76.67 
76.53 
74.17 
73.40 
67.90 
73.97 
80.29 
80.63 
72.83 
93 

72.31 
74.28 
77.23 
75.28 

Pasty  and  granalar 

Pasty 

Trinidad .... 

No.  23 

....do No.  r4 

Ssgna  la  Grande. .  .No.  33 

Noevitas No.  36 

....do No.  38 

....do 

Granular 

Pasty  and  granular 

Pasty 

Granular 

...do 

....do 

....do 

...do 

Pasty  and  granular 

Granular •••..•.••. 

Porto  Rico.. 
....do 

No.  41 

Pasty  and  granular 

...do do 

Granular 

Ponoe 

No.  42 

Mayagnez... 

do 

Gaayama.... 
Nagaabo.... 
St.  Croix.... 

....do 

Xibara 

No.  49 

do 

No.  58 

No.  60 

No.  62 

No.  63 

No.  68 

Paslv 

y 

.. .do 

Pasty  and  granular 

Granular 

Pastv 

Pasty  and  granular 

..  .do do 

Granular •.... 

Hamacoa. . . . 

Nn  fiQ 

.. .do 

...do 
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MOLASSES, 

Moiiz^ses  from  Hnvajia. 


i.  Received  from  the  Boston  cu9toai*hoii5t,  marked  **  Imported 
inta  the  port  of  Bosion  aud  Charltstctvrn,  id  the  brig  Napokon, 
(torn  HavaDa^  by  ShuiUiJfe  &  Warreu,^  September  9j  1845." 

A  dark  colored  molasses,  of  an  acid  laste;  specific  gra^it) 
=  1.342. 

i  =  0.25 1  n   =        21  \  9; 

if=  1,073;  a'  =^5^:7; 

Per  cent,  of  cane  sugar,  50,78, 

2*  Receijed  from  ibe  New  York  cusiom-house,  and  marked 
**  Cargo  16,  lot  23 — 23  tierees  aad  20  barrels  mola&seSj  imported  in 
brig  Susan,  from  Haviiiiaj  September  13,  1845,  by  John  B,  Lasala 

&  Co,     No  sedimenf  in  ibis  lot*" 

*     A  Tery  dark  colored,  tbin  molasses,  ixariog  a  decidedly  acid  taate. 
Specific  gravity  1.360,  at  6^  F. 

e  =  0.25j  a    =        22^.3; 

rf=  1,072;  a"  =  — 6^4; 

t  =54'. 2  F.;      n   =       0.0. 

Per  cent,  of  cane  sugar,  52.84. 


3,  Ri 


^d   from  the  Pbiladelphi 


"ustom-house,  ana  mai 
"  Sample  of  molasses  in  tierces  from  HmTana,  per  brig  Samuel  N* 
Gott  J  no  mark.  Consigned  to  S.  &  W.  Welsh,  Philadelphia.  Sep? 
iember  8,  1845.'' 

A  dark  colored  molai^ses,  charged  with  fareff^n  matter,  siieb  as 
fttiikf,  &c*     Its  specific  grarity  is  1.358,  at  64^  F. 

€  =  0.25;  a    =       21^6;     . 

d=  1,076;  .        g''=  —7^,2* 
t  =64\2  F.;      n    =       0,9, 

Per  cent*  of  cane  sugar,  53.1, 

4.  Received  from  the  custom-houi^e,  Philadelphia,  and  markf 
^^SampljB  of  molasses  per  the  barque  Louisa,  from  Itavansj  consigiied 
to  John  F.  Chesson.  There  was  no  sediment  to  be  fonnd  in  the 
hogsheads,  and  no  distinctioo  mark  upon  the  heading.  Philadel* 
phia,  August  IS,  1845. '^ 

A  molasses  haviog  a  very  dark  color,  and  a  sligbl  acid  taste;  ap* 
parentfy  free  from  foreign  matter.  Its  specific  gravity  is  1.357,  at 
63^6  F, 

€  =0.25;  a    =        2r,9j 

d=i;0792;         a'  =  —  7^,1 1 

t  =52.6  F.;       n    =       0.9. 

Percent,  of  cane  sug^i,  53.27* 


a    = 

22°.  9 

a"  = 

-8M: 

n  = 

0.9. 
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5.  Received  from  the  Philadelphia  custom-house,  and  marked 
^'  Sample  of  molasses  in  hogsheads,  from*  Havana,  per  the  brig 
Samuel  N.  Goit,  Gray,  master;  no  mark.  Consigned  to  S.  &  W. 
Welsh.     Philadelphia,  September  18,  1845." 

A  rather  dark  colored  molasses,  having  a  slight  acid  taste.  Spe- 
crfic  gravity  =  1.348,  at  64°  F. 

e  =  0.25;  a    =        23\7; 

rf=  1.0712;         a"=  — 7^.5; 
i  =5P.2  F.;      «  =        0  9. 

Per  cent,  of  cane  sugar,  57.75. 

6.  Received  from  the  Philadelphia  custom-house,  and  marked 
'^Sample  of  molasses  in  hogsheads,  from  Havana,  per  brigCaroIiney 
Jordan,  master.  Consigned  to  S.  &  W.  Welsh;  no  mark.  August 
27,  1845." 

A  rather  dark  colored,  thick  molasses,  having  a  slight  acid  taste. 
Specific  gravity  =  1.350,  at  66^8  F.' 

€  =  0.25; 
cZ=  1.084; 
t  =5rA  F.; 

Per  cent,  of  cane  sugar,  56.80. 

7.  Received  from  the  New  York  custom-house,  and  marked 
'^  Cargo  15,  lot  22 — ^243  hogsheads  molasses,  imported  in  the  brig 
Susan,  from  Havana,  September  18,  1845,  by  John  B.  Lassala&  Co. 
No  Sediment  in  this  lot  of  molasses." 

A  very  dark  colored,  quite  opaque  molasses,  have  an  acid  taste. 
Specific  gravity  1.348,  at  the  l^emperature  of  65'-  F. 

6  =  0.2a;  a    =        20°. 1; 

d=^  1.067;  a"=  — 6^2; 

t  =52°. 5  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  48.84. 

Molasses  from  St,  J  a  go  de  Cuba, 

S.  Received  from  Philadelphia  custom-house.  A  ihiPi.  lia.k  co- 
lored, sweet,  and  perfectly  opaque  molasses.  N*o  sedimeiu  'ie^^osit- 
ed  in  the  bottle. 

c  =  0.50;  a    =        51\4; 

d=  1.153;  rt"  =  —  11^3; 

t  =  18°  C;         71    =        0.9. 

Per  cent,  of  cane  sugar,  53.51. 

9.  Received   from   the   Philadelphia   cas.lonx-\xous«^.,  tW^  vJi-^tV^^ 


[50] 


3*34 


**  Sample  of  molas^s,  in  bogsh^adi,  from  St.  Jago  dc  Cuba,  per  the 
brig  Vulture^  Mayo,  itia^lt^r;  mafk,  V,  Consigned  to  BurJing  & 
Dixon.     August  285  1845,'' 

A  thin  watery  sirup,  baving^  a  very  acid  taste  and  dark  coloff 
abundance  of  foreigii  matter,  Buch  as  ehipF,  &c.;  a  sedimeat  de^ 
posited  in  the  bottle.     Spef ific  grayily  1 .340,  at  66°4  F. 

e  =  0.25;  a   =       25^; 

d  ^1.012;  a'' =  —  7^4; 

^=60^8F.;      n=       0,9. 

^er  cent,  of  cane  iugar,  59.83. 

10.  Receive^l  iroiu  the  ctistom-house,  Philadelphia,  and  marked 
*' Sample  of  molasstesj  in  hhds.,  from  St.  Jago  de  Otiba,  per  the 
brig  Vulture,  Mayo,  master;  mmrked  V.  Consigned  to  Burling  & 
Dixon.     August  283  1S45/' 

A  thin,  dark  colored  molasses^  having  a  slighlly  acid  taste;  spe- 
cific gravity  1.334,  at  65*^.6  F,  ' 


e  =  0.25; 
(f=1.08lj 

t  =4r  r.; 

Per  c^eot.  of  cane  sugar,  60.49. 


a    =        25^; 

n   =    '  0,©- 


11.  ReceiTed  from  the  custom-bouse,  Boston,  and  marked  ^Vlaa- 
port^d  into  the  port  of  Boston  and  Charlestnwn,  in  the  brig  Jcho 
H«  Stevens,  froa\  St.  Jago  de  Cuba,  by  John  S.  Hiii,  September 
30,  1845.'^ 

A  rather  light-colored  molasses,  of  a  thin  consistency,  and  hav- 
ing a  decidedly  acid  taste  and  odor.    -Its  specific  gravity  is  1.350. 


c  =  0.25; 
d=  KOlO; 

t=54^8F. 

Per  rent,  of  cane  sugar,  60.33. 


a    =        20^.9; 
a'^=  — 6\3i 
n    =        0,9- 


12.  Received  from  the  cnstooi^house,  Bostai),  and  marked  **Fm- 
portetL  into  the  port  of  Boston  and  Ch^rlestown^  in  the  bri^  Eli^a^ 
from  Cuba,  by  John  S.  Harrii,  September  13,  lfrl5,*' 

A  rather  dark  colored  molasses,  hailing  %  slightly    aeld^vinous 

tasile;  specific  gravity  ^=  1.378. 


e  =  0.25. 
ii=  1.074; 
e=58°  F.; 

*er  rent,  of  caae  sugar,  44.58- 


a    =         16^.7; 
a"  =  —  7^35 
n   =       0.9* 
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Molasses  from  Cienfuegos, 

13.  Received  from  the  Philadelphia  custom-house.  A  dark 
obaque  molasses,  of  a  very  slightly  acid  taste;  slight  sediment  de- 
posited in  the  bottle. 

e  =  0.50;  a    =        48". 2; 

(i=1.146:  (2'  =  —  IIM; 

t  :=  n    =        0.9. 

Per  cent,  of  cane  sugar,  50.99. 

14.  Received  from  the  Boston  Cuslom-house,  and  marked  ^'Im- 
pOTted  into  the  port  ol  Boston  and  Charlestown,  in  the  barque  Ly- 
sander,  from  Cienfuegos,  by  Benjamin  Burgess  &  Sons,  September 
19,  1845." 

A  deep  brownish  red  molasses,  of  a  slightly  acid  taste;  spcciiic 
gravity  1.377. 

e  =  0.25;  0    =.       22^8;. 

-       d='1.075;  a' =  —  7''. 8; 

t  =58^  F.;         7K    =       0.9. 

Per  cent,  of  •cane  sugar,  56.49. 

15.  Received  from  the  cu.^tom-howse,  Boston,  and  marked  ''Im- 
ported into  the  port  of  Boston  and  Charlestown,  in  the  brig  Cor- 
delia, from  Cienfuegos,  by  Bunjamin  Burgess  &  Sons,  September 

25,  1845." 

A  rather  light  colored  molasses,  haviu-r  a  pr.fpctly  sweet  tastej 
specific  gravity  is  1.376,  at  63°, 2  F. 

<>  =  0.25;  <r    =        21\G5; 

d=  1.064;  a'=:  — 5M; 

t  =54^.2  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  49,56. 

16.  Received  from  the  Boston  custom-house,  and  marked  "Im- 
ported irto  the  port  of  Boston  and  Charlestown^  in  the  brig  Cor- 
delia, from  Cienfuegos,  by  Benjamin  Burgess  &  Sons,  September 

26,  1845." 

A  rather  thick  and  light  colored  molasses,  having  a  vinous  taste; 
specific  gravity  1.429. 

6  =  0.25^  a    =        19^8; 

d=  1.066;  a'  =  —  5°. 3; 

/J  =  50^2;  n    =        0.9. 

Per  cent,  of  cane  sugar,  49.33. 

17.  Received  froui  the  custom-house,  Bostotf,  ^ivA  ixi^tNL^^  ^^\\si- 
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Eorled  into  the  port  of  Boston  and   Cbarlestownj  in   the  barque 
ijsftnder^  from  Cienfurgos,  by  Benjamirj  Bursjtrs  &  Sons,  Seplcm- 
ber  19,  1845.'^  ^ 

A   rather  light  coloref!  molasses,  of  a  ihin  consistence,    and  a^^ 
Elig!]lly  f*ci(l*Tinous  tsstc;  specific  graTily  1*367,  at  64'^»8  F. 


d=  1,074: 
Per  cent,  of  cane  sugsfj  67.34. 


a    =        23^.9; 
a    =  — 7\2; 
n  =       0-.9. 


18.  Received  from  the  custom-housej  Bosxopj  and  marked  *4m- 
portfd  into  the  port  of  Ba&toi:i  and  Cbarle&town,  August  25,  1845| 
by    Benjamin  Burg:esis  k  Son^,   in    the   brig  Eli^a  BurgeBS,  ^'rom 

Cieotuegos,^' 

A  light  colored  loolasses,  having  a  vidohs  taste;  spicitic  gravity 
1.369. 


€  =  U.25;  a    =        23^t:i; 

d=  1.080;  a^*=  — 7°.2| 

t  =  66^.5  F.;     n   =        0,9. 


P^r  etm.  of  cane  sugar,  56.69,  * 

19*  Received  from  Messrs,  E,  Lincoln  Si  Go.,  Philadelphia; 
brownish  red  molasses,  having  a  slight  acid  taste. 


e  =  0,50; 
rf=  1.1716; 

Per  cent*  of  cane  siigar,  54.70. 


a    =        52^,4; 
-n    =        0.9, 


20.  Received  from  the  Philadelphia  cnstoiu-hoijse.  A  (lar^i 
tolerably  thick  molasses,  having  a  sUghliy  acid  taste;  a  sediment 
deposited  in  the  bottle. 


€  =  0.60; 
A=  1.176; 
t  =  19"  F.; 

Per  ceni.  of  cane  sugar,  46,54. 


=       43*^; 
=  —  lP,2j 
=       0,9^ 


*   21.  Received  from  the  Philadelphia  custom-faouie.    A  dark|  tb 
molasses,  having  a  very  slightly  acid  tafle  and  smell j  no  sediment 
in  ihe  bottle. 


C  =  0,50; 
i=  1.155; 
t  =24*'C.; 

Per  ceQl.  of  CUB e^sugat^  50*98* 


n  =  46=^,8; 
a'  =—  12^.8; 
n    =        0.9, 
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Molasses  from  Trinidad  de  Cuba, 

22.  Received  from  the  New,  York  custo;n-house,  and  marked 
"Cargo  21|  lot  31 — 233  hluls.  12  tierces  molasses,  imported  in  brig 
Rovreoa,  from  Trinidad  de  Cuba,  October  2,  1845,  by  Chasteiain  & 
Ponvert.  It  will  be  found  that  this  sample  varies  in  color  from 
lot  30  (No.  23)  of  the  same  cargo.     No  sediment  in  this." 

A  liark  colored  thick  molasses,  having  a  slightly  acid  taste.  Spe- 
cific gravity,  1.384. 

e  =  0.25;  a    =        19°; 

(i=J.0794;  a"=  — 7^7; 

t  =52°  F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  49.28. 

23.  Received  from  the  custom-house.  New  York,  and  marked 
'^ Cargo  21,  lot  30,  233  hhds.  12  tierces  nvolasses,  imported  in  brig 
Rowena,  from  Trinidad  de  Cuba,  October  2,  1845,  by  Chasteiain  ^ 
Ponvtrt.     Sediment  No.  3  is  from  this  molasses." 

This  molasses  is  of  a  deep  brownish  red  by  transmitted  light, 
and  La^  a  slight  acid  taste.     Specific  gravity  1.362^  at  59°  F. 

6  =  0.25;,  a    =        20°. 9; 

d=  1.066;  a"=  — 6°.7; 

t  =52^5  F.;      n    =        0.9. 

Per  ceni.  of  cane  sugar,  51.31. 

24.  Received  from  the  custnm-houst;,  Philadelphia,  and  marked 
I* Sample  of  molasses  in  tierces,  from  Trinidad,  per  schooner  Fash- 
ion: marked  S  F,  and  consigned  to  S.  &  W.  Welsh,  Philadelphia. 
August  25,  1845." 

A  dark  colored  molasses,  of  a  rather  thin  consistency,  and  hav- 
ing a  peculiar  vinous  taste.    lis  specific  gravity  is  1.3615,  at  65°.  6  F. 

€  =  0.25;  a    =        22^.2; 

d=  1.074;  a':=  —  6^.7; 

t  =6P.5  F.;     n    =m       0.9. 

Per  cent,  of  cane  sugar,  53.26. 

25.  Keceived  from  the  custom-house,  Boston,  and  marked  '^Im- 

torted  into  the  district  of  Boston  and  Charlestown,  in  the  barque 
ranklin,  by  Benjamin  Burgess  &  Sons,  from  Trinidad,  October  11, 
1845." 

A  dark  colored  molasses,  having  a  perfectly  sweei  taste.  Specific 
gravity  1.360,  at  52^  F. 

€  =  0.25;  a    =        20^M. 

d=  1.065;  a'  =  —  5^.9; 

t  =^5^.6  F.;     /J    =       0  9. 

Per  cent,  of  cane  sugar,  48.30. 
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26.  Received  from  the  Boston  custom-house,  and  marked  *'  Im- 
ported into  the  port  ef  Boston  and  Charlestown,  in  the  brig  Smyrna, 
from  Trinidad  de  Cuba,  by  Philo  S.  Shelton,  September  30,  1845." 

A  tolerably  light  colored  molasses,  havfnga  de^ndedly  acid  taste. 
Specific  gravity  1.349,  at  62^^.5  F.  ^ 

e  =0.25;  a    =        21^.2; 

d=  1.349;  a'^  —  4'=^. 7; 

t  =49^.8;  n    =       0.9. 

Per  cent,  of  cane  sugar,  47.69. 

Mulassea  from  Matanzas, 

27.  R<.'ce  ved  from  the  Philadelphia  custom-house,  and  maiked 
"  Sampie  of  molasses  in  hhds.,  from  Matanzas,  per  the  barque 
Levant,  H. ,  master.  Consigned  to  George  R.  Ayres,  Sep- 
tember 2,  1845." 

A  dark  colored  molasses,  liaving  an  acid  taste,  and  containing  an 
abundance  of  foreign  matter.    Specifu:  gravity  1.3576,  at  65^  .3  F. 

€  =0.25,  a    =        22^.2; 

a'=  1.0759;         a"  =  —  7^.4; 
t  =56^  F.;         n    =        0.9.     * 

Per  cent,  of  cane   suf;ar.  54.56. 

28  Received  /rom  tho  Philadtlphia  custom  aoust,  and  iuarkvd 
"Sample  of  u!ol;is>t'S,  in  hlii-ls.,  per  the  barque  Levant,  from  Man- 
tanzas.  Consiirnti!  to  George  R.  Ayres;  no  mark.  Philadelphia, 
September  3,  lS4c." 

A  diirk  colore. I  iiiolnsses.  with  a  slightly  acid  taste,  and  tol^ral/ly 
free  from  foreign  iiiaMei.     Specific  gravity  1.3545,  at  64^.6  F. 

€  =  0.25;  a    =        21^; 

d=  1.0714;  '      a  '=  —  6*^.7; 
t  =55^.5  F.;     //    =       0.9. 

Per  cent,  of  ciuu-  sugar,  #1.24. 

JMolassm  from  Cardenas. 

29.   Receiveil  fiom   the  custom  house  at  New  York,  and  marked 
"Cargo  23,  lot  33—49  casks   molasses,   imported    from    Cardenas, 
October  14,  1845.  bv  John  B.  Lasala  &  Co.      No  sediment  in  this  ■ 
lot.''  '     " 

A  molasses  of  a  rather  thin  consistence,  and  dark  color,  having 
a  decidedly  acid  taste;  specific  gravity  1.357. 

e  =  0.25;  a    =        20^; 

rf=  1.072;  «"=  — 6^; 

f  =57^.5;  n    =        0.9. 

J^er  cent,  of  cane  sugar,  48. 
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30-  Received  from  the  custom-house,  Boston,  anJ  marked  *'Im- 
^  >rted  into  the  --  . -^.     , 

from  Cardenas. 


ported^into  the  port  of  Boston  and  Charlestown,  in  the  brig  Casilda, 
as,  Cuba,  by  C.  B.  Fessenden,  September  4,  1845.^' 


A  dark  colored  molasses,  of  a  rather  thick  consistence,  and  a 
slightly  burnt  and  acid  taste;  specific  gravity  1.363,  at  66*^  F. 

€  =  0.25;  a    =        21^.7; 

d=  1.068;  a' =  —  6^.6; 

t  =66*=^. 3  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  52.47. 

^  Molasses  from  Sagua  la  Grande. 

31.  Received  from  the  custom.-house,  Boston,  and  marked  ^4m- 
ported  into  the  port  of  Boston  and  Charlestown,  in  the  brig  Ha- 
vana, from  Sagua  la  Grande,  by  Philo  S.  Shelton,  September  2, 
1845." 

A  molasses  of  a  dark  color,  and  thin  consistency,  with  a  peculiar 
vinous  taste; 'specific  gravity  1.342,  at  65^  F. 

€  =  0.25;  a    =        20^.1; 

d=  1.062;  a"  =  —  5^.8; 

t  =62^.5  F;      71    =        0  9. 

Per  cent,  of  cane  sugar,  48.58. 

32.  Received  from  the  custom-house,  Boston,  and  marked.  ^'Im- 
ported into  the  port  of  Boston  and  Charlestown,  in  the  bri^  Ha- 
vana, from  Sagua  la  Grande,  by  Daniel  Deshon,  September  2,  1845." 

A  very  black  molasses,  having  a  very  sour  taste  and  odor;  spe- 
'  cific  gravity  1.351,  at  55^.4  F. 

6  =  0.25;  a    =         19^'.1; 

d=  1.063;  a"  =  —  5^; 

f  =59^.3;  n    =       0.9. 

Per  cent,  of  cane  sugar,  44.78.  * 

33.*Received  from  the  Baltimore  castom-house,  and  marked 
'^Gauged  from  on  board  sloop  Herald,  John  Reynolds,  Sagua  la 
Grande;  consigned  to  Lambert  Gittings;  weight  per  gallon,  11 
lbs..!  oz.  August  18,  1845." 

A  deep  brownish  red  molasses,  having  a  peculiar  vinous  and 
bitter  taste;  specific  gravity  1.346,  at  67*^.5  F. 


€==0.25; 

a    = 

22°. 3; 

d=  1,073; 

a"  = 

—  7". 7; 

t=10°A  F.; 

n   = 

0.9. 

Per  cent,  of  cane  sugar,  56.47. 
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Molasses  from  San  Juan  de  los  Rtmedios. 

34.  Received  from  the  custom-house,  Boston,  and  marked  ^'Im- 
ported into  the  port  of  Boston  /and  Charlestown,  by  Atkins  Free- 
man, in  the  schooner  Bounty,  from  San  Juan  de  los  Remedios, 
August  23,  1845." 

A  rather  light  colored  molasses,  having  a  peculiar  vinous  taste; 
specific  gravity  1.354.  at  55^  F. 

e  =  0.25;  a   =        22°. 5; 

rf==  1.081;  a"=  — 7°.2; 

t  =56°. 4  F.;      n   =        0.9.    , 

Per  cent,  of  cane  sugar,  54.46.  % 

Molasses  from  MaritL 

35.  Received  from  the  Boston  custom-house,  and  marked  ^'Im- 
ported  into  the  port  of  Boston  and  Charlestown,  by  J.  S.  Harris,  ia 
the  brig  Rival,  from  Mariel,  Cuba,  August  28,  1845." 

A  very  dark  colored,  rather  thick  molasses,  haviog  a  decidedly 
acid  taste;  specific  gravity  1.369,  at  54°  F. 

€  =  0.25;  a    =        22°. 4; 

d=  1.064;  a"  =  — 7°.2; 

t  =65°. 7  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  55.14. 

Molasses  from  JVuevitas, 

36.  Received  from  the  custom-house,  New  York,  ahd  marked 
"Carp:o  19,  lot  27 — 83  casks  molasses,  marked  B.  Imported  in 
brig  Demarara,  irom  Nuevitas,  Cuba,  September  22,  1845,  by  Holt 
&  Owen.     Sediment  No.  6  is  from  this  molasses." 

A  light  colored  molasses,  having  a  very  slightly  acid  taste;  spe- 
cific graVity  1.363,  at  65°. 6  F. 

e  =  0.25;  a    =        23°. 1; 

d=  1.676;  rt"=  — 7°.4-; 

f  =  53°  F.;  n   =        0.9.  ^ 

Per  cent,  of  cane  sugar,  56.19.. 

37.  Received  from  New  York  custom-house,  and  marked  "64 
hhds.  molasses,  marked  ARy  C'*.  Imported  in  brig  Brothers,  from 
Neuvitas,  by  Holt  &*  Owen,  September  6,  1845.  Nuevitas  and  St. 
Croix  are  considered  the  best  molasses  imported,  and  bring  the 
highest  price." 

Specific  gravity  1.336,  at  64°  F. 

c  =  025;  a    =       27°. 3; 

d=  1.073,  a"=        5^.6; 

t  =57^.5  F.;     72   =       0.9. 


Per  cent,   of  cane  sugar,  60.31. 
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38.  Received  from  the  New  York  custom-house,  and  marked 
"  Caovgo  19,  lot  98 — 7  casks  molasses,  marked  FE.  Imported  in 
briR  Demarara,  from  Nuevitas,  Cuba,  September  22,  1845,  by  Holt 
&  Owen." 

A  light  colore*!,  sweet  molasses — rather  thin  for  Nuevitas.  Speci-. 
fie  gravity  1.337,  at  68°. 3  F. 

c  =  0.25;       '      a    =        24^6; 
i=  1.086;  a''=:— *7°.6; 

t  =70^5  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  59.71. 

39.  Received  from  the  New  York  custom-house,  and  marked  "  77 
casks  molasses,  marked  JG,  imported  in  brig  Brothers  from  Nuevi- 
tas, September  6,  1845,  by  Brett  &  Vose.  Nuevitas  brings  the 
highest  price  in  this  market." 

Spe<^ific  gravity  1.368,  at  64^.6  F. 

•c  =  0.25;  a    =        20°. 4; 

d=  1.086;  a"=  — 5°.4; 

t  =r53°.  F.;        n  =       0.9. 

Per  cent,  of  cane  sugar,  46^81. 

Porto  Rico  molasses. 

40.  Receiveu  from  the  New  York  custom-house,  and  marked  ^'  163 
casks  molasses,  imported  li^eptember  2,  1845,  in  brig  Aldrich,  fr<^m 
Porto  Rico,  by  Chastelain  &  Ponvert.     No  sediment  in  this  lot." 

A  reddish  brown,  perfectly  sweel  molasses;  specific  gravity  1.365, 
at  65°. 5  F.  • 

c  =  0.25;  tt    =        2r.4; 

d=  1.071;  a"  =  —  7°. 4; 

/=44°.7;  n    =       0.9. 

Per  cent,  of  cane  «ugar,  53. O*?. 

41.  Received  from  the  New.  York  custom-house,  and  marked  ^'44 
casks  Porto  Rico  molasses,  imported  September  6,  1845,  in  brig 
Wallace,  from  Guayama,  P.  R.,  by  G.  Wheelwright." 

A  rather  dark  colored  molasses,  having  a  slightly  acid  taste  ; 
■pcfific  gravity  1.3695,  at  66°. 2  F. 

6  =  0.25; 
d=  1.081; 
t  =56°  F.; 

Per  cent,  of  cane  sugar,  51.6. 


0     = 

21°.2; 

a"=- 

-  7°.2j 

n   = 

0.9, 
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Molasses  from  Ponce^  P,  -S. 

42.  Received  from  the  New  York  custom-house,  and  inarked  "29 
casks  molasses,  permitted  without  mark,  imported  August  6,  1845, 
in  brip  Overman,  from  Ponce,  P.  R  ,  by  P.  Harmony,  Nephews  & 

,  Co.     Very  little  fermentation  in  this  molasses.'' 

Specific  gravity  1.377,  at  64°. 7  F. 

€  =  0.25;  a    =*      22%7; 

•  (i=  1.081;  a"=  — 7\6; 

t  =47°. 5  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar^  55.60. 

43.  Received  from  the  Philadelphia  custom  house,  and  marked 
"  Sample  of  molasses  Tn  puncheons,  per  brig  Sydney,  from  Ponce^ 
P.  R.,  consigned  to  Soutter  and  Broughton,  Philadelphia,  Septem- 
ber 10,  1846." 

A  light  colored  molasses,  having  a  heavy  sediment  in  the'bottom 
of  the  bottle,  and  a  peculiar  vinous  or  alcoholic  taste;  specific 
gravity  1.358,  at  61°  F. 

e  =  0.25;  a    =       26°. 9; 

d=  1.087;  a"=  — 7°.3; 

f  =60°. 5  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  62.14. 

44.  Received  from  the  custom  house  Philadelphia,  and  marked 
*^  Sample  of  molasses  in  hogsheads,  imported  in  the  schooner 
Caroline,  from  Ponce,  P.  R.,  consigned  to  William  S.  Boyd,  Phila- 
delphia, September  2,  1845." 

A  molasses  having  a  dark  brownish  red  color,  slightly  acid  taste, 
and  a  rather  heavy  sediment  in  the  bottle;  specific  gravity  1.374, 
at66^9F. 

e  =  0.25:  a    =        24°. 1; 

(/=  1.077;  a"=  — 7^7; 

f  =  61°. 2;  n   =        0.9. 

Per  cent,  of  cane  sugar,  58.52. 

45.  Received    from    the    Baltimore    custom-house,    and    marked 

"  Gaup;ed  from  on  boanl  schooner  William ,  Captain  Shaw, 

Ponce,  P.  R.     Consigned  to  Withington  &  Eastman.     Weight  per 
gallon  11^  lbs. 

A  dark  colored  thin  molasses,  having  a  slightly  acid  taste  and 
small.     Specific  gravity  1.371. 

e*=0.25;  a    =.      25°. 3; 

(i=  1.080;  a"=  —  T.S; 

t  =61°. 4  F.;      n  =        0.9. 

Per  cent,  oi  cane  sugar,  60.73. 
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46.  Received  from  the  Baltimore  custom-house^  and  marked 
'^Gauged  from  on  board  brig  Francis,  ftom  Ponce,  P.  R.  Con- 
signed to  Kirkland  &  Chace.  Weight  per  gallon  11  lbs.  August^ 
1846."  , 

A  rather  light  colored  thick  molasses,  having  a  slightly  vinous 
taste.     Specific  gravity  1.376,  at  66°. 5  F. 

c  =  0.25;  a    =         19°. 5; 

d=  1.069;  a"  =  — 6°.8; 

t  ='64°  F.;  n    =       0.9. 

Per  cent,  of  cane  sugar,  48.84. 

47.  Received  from  the  custom-house,  New  York,  and  marked 
"Cargo  3,  lot  5 — 30  casks  molasses,  marked  B.  Imported  August 
20,  1845,  in  brig  Cordelia,  frbm  Ponce,  P.  R.,by  H.  Southmayd  &. 
Son.  Sediment  No.  —  -was  taken  from  the  same  casks  in  a  quiet 
slate." 

It  has  a  bitter  taste,  and  rather  thin  consistence;  red  color  by 
transmitted  light.     Specific  gravity  1.354. 


«  =  0.25; 

a    =        19°.6; 

d=  1.060; 

0'==  — 5'.3; 

t  —  69°  F. : 

n    =       0.9. 

Per  cent,  of  cane  sugar,  46.55. 

Molasses  from  Mayagutz^  P.  R. 

48.  Received  from  the  New  York  custom-house,  and  marked  "70 
casks  molasses,  imported  in  brig  Port  Leon,  from  Mayaguez,  P.  R.^ 
September  22,  1845.     No  sediment  in  this  lot.'' 

Specific  gravity  1.3715,  at  66^.9  F. 

6  =  0.25;  a    =        24M; 

4=  1.083;  a '  =  —  6^.2; 

t  =47°. 7  F.;      n    =      .0.9. 

Per  cent,  of  cane  sugar,  55.24. 

49.  Received  from  the  New  York  custona-hoase,  and  marked  "  267 
puncheons  molasses,  imported  in  schooner  Mars,  Hill,  master,  from 
Mayaguez,  P.  R.,  by  J.  W.  Culbert.      September  15,  1845."" 

A  light  colored  molasses,  having  a  peculiar  vinous  taste.  Specific 
gravity  1.366,  at  66^^.1  F. 

6  =  0.25; 
</=  1.081; 
^  =  56°  F.; 

Per  cent,  of  cane  sugar,  54.91. 


«   = 

,22°. 8; 

a'  = 

-T.S; 

n    = 

0.9. 
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50,  Received  from  the  New  York  custom-bouse,  aad  tunrketl 
*' Cargo  lOj  lot  16^ — 123  tasks  molaises,  marked  '  Laitntfff  Fernan- 
itz  Sf  Co.f  Mnydgiii^t  P^'  R'^  Imported  m  schooner  Tuscarora, 
September  8,  1845,  by  Mason  k  Thompson*  Setlitnent  No.  25  is 
from  the  same  task*.- '  J 

A  very  light  colored  and  |ierfecUy  swei^l  molassesj  with  a  copi-8 
ous  sediment  in  the  Ijottom  of  the  bottle.     Specifij:  gravity  1.362, 
at  66*^  F, 


e=0.25; 

•d=  1.0749; 

i  =60'^, 5  J 

Per  cent,  of  cane  fugar,  53.41 


a"  =  —  6^.7;' 
n   =       0.9, 


61.  RecetTed  from  the  PhilBdelphia  custom-house,  and  marked 
^^Sampk  of  molasses  per  schooner  Nonpareil,  from  Mayagii#Z|  coi 
signed  to  Mason  and  fCirkland;  marked  O.      18  ptmcheons.'^ 

A  dark  colored  molasses,  with  an  abundance  of  foreign  matter  i^ 
it.     Specific  gravity  1,3505^  at  64^.5  F. 


e  =  0.25; 
d=^  1.0786; 
^  =  60^.7  F.; 

Per  cent,  of  cane  sugar^  50.38, 


=       2F,5; 

=  -6^; 

=       0,9. 


52i  Received  ftom  the  custom-hoiisej  Bostonj  and  marked  "Im- 
ported in^o  ihe  port  of  Boston  and  Charlestown^  by  Crocker  &  Siiir- 
gisj  in  the  barque  Archelaus,  from  Mayaguez,  August  28,  1845." 

'A  ravher  light  colored  molasses,  of  a  thin  consistencei  and  a  verjj 
slightly  acid  taste.     Specific  gruvtty  1.3485s  at  56^.8  F. 


€  =  0.25; 
d=  1.073; 
f  =  5e^F.,' 

Per  cent*  of  cane  sugar,  57. 


23^.7; 

7^2; 

0*9. 


S3.  Received  from  the  custom  hfj use,  Baltimore,  and  marl 
*' Gauged  from  on  board  schooner  GaMaiit  Mary,  from  Mayaguea 
consigned  to  Kirkland  &  Chaee,  Weight  per  gallon  11  lbs.  6  oi 
August  ^7j  1845." 

A  Tery  light  colored  molasstS)  having  a  tolerably  thick  censi^ 
teney,  and  a  slightly  acid  taste.  Specific  gravity  1.370^  at  70^.8  F* 


f  =0.25; 

a    =       23°; 

d  =^  1.0*2; 

d"=_7°.4 

(=64^SF  ; 

n    =       0.9. 

Pir  ^cnt*  of  cane  sugar,  56«20. 
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54.  Received  from  the  Philadelphia  custom-house,  and  marked 
"Sample  of  molasses,  per  schoonor  Nonpareil,  from  Mayaguez, 
consigned  to  Mason  &  Kirkland;  marked  P.  R.     42  puncheons. '^ 

A  thin,  watery,  and  rather  Hark  rolored  molasses,  with  an  abun- 
dance of  chips  and  foreign  matlei  in  it;  taste  entirely  sweet.  Spe- 
cific gravity  1.3447,  at  63°  F.  ". 

€=0.25;  a    =        2r.7; 

d=  1.076;  a    ==  —  6°.3; 

^=62°  F.;  n    =       0.9. 

Per  cent,  of  cane-sugar,  49.47. 

Molasses  from  Guayama^  P.  R. 

55.  Received  from  the  New  York  custom-house,  and  market! 
'^  161  casks  molasses,  permitted  without  mark,  imported  in  schooner 
Thames,  from  Guayama,  P.  R.,  by  Chastelain  &  Ponvert.  This 
sample  wa^  taken  when  in  a  state  of  fermentation.-' 

A  dark  colored  molasses,  having  a  very  acid  smell  and  taste. 
Specific  gravity  1.354,  at  63=. S  F. 

6  =  0.25;  a    =        25^.8; 

d=  1.0997;    •    a'  =  — 7«^.l; 
t  =57^;  n    =        0.9. 

Per  cent,  of  cane  sugar,  60.33. 

56.  Received  from  the  New  York  custom-house,  and  marked 
"161  casks  molasses,  permitted  without  mark,  imported  in  schooner 
Thames,  from  Guayama,  P.  R.,  by  Chastelain  &  Ponvert.  This 
sample  was  taken  in  a  quiet  state,  after  standing  24  hours." 

A  quite  light  colored  molasses,  having  a  slight  bitter  taste.  Spe- 
cific gravity  1.376,  at  66^.8  F. 

e  =  0.25;  a    =       24^.2; 

•  (f=  1.083;  a''  =  — 9^; 

t  =  64^.5  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  60.95. 

57.  Received  from  the  New  York  custom-hou^,  and  marked  "  73 
casks  molasses:  no  mark.  Imported  in  brii^  Ansonia,  from  Guay- 
ama, P.  R.,  September  6,  1845,  by  Chastelain  and  Ponvert." 

A  dark  colored  molasses,  havint^  a. slightly  acid  taste;  specific 
gravity  1.361,  at  55^.5  F. 

€  =0.25;  a    =        21^.7; 

d=  1.079;  a'  =  —  7^.8; 

^  =  62^.3  F.;      n   =        0.9. 

Per  cent,  of  cane  sugtir,  54.30. 
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57.  Receive*!  horn  the  Ntw  York  tustom-house)  and  maf 
*'Cargo  4,  lot  6 — 172  ca&ks  molasses,  marked  AF,  Fant^ri^ssa.  Im- 
ported Auausl  ^8,  I845j  in  bri^  Russia^  from  Gujiyama,  P.  R,^  by 
J,  B-  Lasala  Sl  Co.     Sediment  No.  16  i^  from  the  same  casks-" 

A  slight  fermentation  has  taken  placej  the  odor  from  the  bottle 
!s  quite  sour^  and  the  taste  decidedly  acid;  the  tansistence  is  raibtr 
thinf  speciic  gravity  1,362,  at  66^  4  F, 


«=0.25; 

(I        =5^ 

22».3j 

d=1.079j 

a"  = 

-7^ 

f  =  40'^F.; 

»»'  = 

0.9.^ 

Per  cent*  of  cane  sugar,  53,82. 


69.  Molasses  from  Arecibo,  P*  R,  Received  from  the  custom 
house,  Baliimore^  and*  marked  **Gauged  from  ori  board  brig  Com- 
merce, Captain  W*  B.  Blanchard>  from  Arecibo;  consigned  to  W, 
Howell  &  Son,  12th'Septemberj  1845.*' 

A  rather  light  colored  molasses,  having  a  Tinous  taste;  specific 
gravity  1.376,  at  70*=^  F, 

e  =  0,25;  a    =        19^.9; 

d=  1.074;  a'^  =  —  e^^.^; 

^  =  55^,6  F,|      n   =       0.9. 

Per  cent,  of  cane  sugar,  48,93. 

60.  Molasses  from  Naguaboj  P,  R.  Received  from  the  New 
York  custom-house,  and  marked  '^56  hhds-  molasses,  imported  in 
brig  Sitbinej  from  Naguabo,  V.  R  ,  September  24,  1845,  by  John  B» 
Lat^ata  k  Co,'' 

A  thin  light  colored  molasses,  having  a  perfectly  sweet  tas^it 
Bpecific  gravity  1.367j  at  58^6  F, 

e  =  0.25;  a    =        22''; 

*i=  1,682;  a"  =  —  8^  A; 

f  =  60^5|  n  =       0/9, 

.  Jer  cent,  of  cane  augar,  65.89. 

Molasses  fro n^ Surinam.     Received  from  ihe  custom-houee, 
ifbn,  and  marked  '^Imported  into  the  port  of  Boston  and  Charles- 
to^h,  in  the  br'jg  Miissajsoit,  from  Surinam,  by  D.  8l  F.  Mickerson|| 
August  29,  1815. ''  ^  ^ 

A  dark  colored  molasses,  ot  a  thin  consistence,  and  acid  taste 
and  Oder;  specific  gravity  1,3375,  at  55*^,8  F. 


11  =  0.25; 
d=  1.076; 
f  =52^5  F 

Per  cent*  of  cane  svigarj60.66 


a  ^ 
J      n  — 
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62.  Molasses  from  St.  Croix.  Received  from  the  New  York  cus- 
tom-house) and  marked  ''  190  casks  of  molassesi  marked  AC,  im- 
ported in  barque  Isabella,  from  St.  Croix,  September  4,  by  Alsop 
&  Chauncey." 

A  li^ht  colored  molasses,  having  a  very  slight  acid  taste;  fer- 
mentation has  taken  place;  specific  gravity  1.376,  at  60^  F. 

e  =  0.25;  a   =       21°. 9; 

dl=  1.0798;         a"=  — 8^6; 
/  =  50«.5  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  56.24. 

63.  Molasses  from  St.  Croix.  Received  from  the  custom-house, 
New  York,  and  marked  ''Cargo  17,  lot  25 — 30  casks  molasses, 
marked  [B.]  Imported  in  the  schooner  Empire,  from  St.  Croix, 
September  23,  1845,  by  B.  De  Forrest  &  Co.  Sediment  No.  19  is 
from  this  molasses." 

A  light  colored  molasses,  of  a  rather  thin  consistence,  and  a 
sweet  taste;  specific  gravity  1.340,  at  66°  F. 

e  =  0.25;  a   =       20^.8; 

d=  1.072;  a"=  —  l^A; 

t  =66^.8  F;       71=       0.9. 

Per  cent,  of  cane  sugar,  51.65. 

64.  Molasses  from  St.  Thomas.  Received  from  the  custom- 
house, Boston,  and  marked  ^^mported  into  the  port  of  Boston  and 
Charlestown,  in  the  schooner  Sarah  Elizabeth,  from  St.  Thomas, 
by  J.  H.  Hicks  &  Co.,  October  6,  1845." 

A  light  colored  thick  molasses,  having  a  sweet  taste;  specific 
gravity  1.378,  al51°F. 

6  =  0.25;  a    =        24^.7; 

d=  1.074;  a"=  -7^.1; 

/  =60^.5  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  58.54. 

65.  Molasses  from  St.  Thom.s.  Received  from  Baltimore  cus- 
tom-house, and  marked  ^'Gauged  from  on  board  scl:ooner  Comet, 
Captain  Binney,  from  St.  Thomas,  consigned  to  Johnson  &  Tra- 
verse; weight  per  gallon,  11  pounds  2  ounces;  August  23,  1845." 

A  rather  dark  colored  molasses,  having  a  vinous  taste;  specific 
gravity  1.355,  at  70^.8  F. 


e  =  0.25; 

a   =       230.8: 

d=  1.0G4; 

«'=_6*,8; 

t  =61°  F.; 

n    =       0.9. 

Per  cent,  of  cane  sugar,  75.97. 
J22 
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66.  Molasses  from  St.  John's.  Received  from  the  custom-house, 
Boston,  and  marked  '^Imported  into  the  port  of  Boston  and 
Charlestown,  August  19,  1845,  by  Judson  Andrews  &  Co.,  in  the 
schooner  Willis  Putnam,  from  St.  John's,  P.  R." 

A  thick  dark  colored  molasses,  having  a  slightly  vinous  taste; 
specific  gravity  1.357,  at  55^.6  F. 

e  =  0.25;  a   ==       2P.6;    ' 

d=  1.076;  a"=  — 6^.9; 

^=64^.2  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  52.49. 

67.  Molasses  from  St.  John's.  Received  from  the  custom-house, 
Boston,  and  marked  '^Imported  into  the  district  of  Boston  and 
Charlestown,  in  the  Brig  Lucy  Ellen,  from  St.  John's,  N.  B.,  by 
Samuel  Cliland,  October  11,  1845." 

A  black  colored  molasses,  of  a  thin  consistence,  and  a  vinous 
taste;  specific  gravity  1.353,  at  55^.5  F. 

6  =  0.25;  a    =       21^; 

d=  1.073;  a"  =  —  6^  2; 

^  =  52^.5  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  50,17. 

68.  Molasses  from  Xibara.  Received  from  the  custom-house, 
Kew  York,  and  marked  ^'219  casks  molasses,  imported  in  schooner 
Hope,  from  Xibara,  October  11,  1845,  by  Daniel  Curtis,  jr." 

A  light  colored  molasses,  having  a  sweet  taste.  A  slight  fermen- 
tation has  taken  place.     Specific  gravity  1.369,  at  64^.8  F. 


e  =  0.25; 

a    = 

21<>.7-; 

d=  1.083; 

a"=- 

-  9«'.2; 

t  = 

n   = 

0.9. 

Per  cent,  of  cane  sugar,  56.89. 

69.  Molasses  from  Humacoa.  Received  from  the  New  York  cus- 
tom house,  and  marked  ^'221  casks  molasses,  imported  in  brig  Will, 
from  Humacoa,  P.  R.,  September  20,  1845,  by  J.  B.  Lasala  &  Co." 

A  light  colored  molasses,  having  a  perfectly  sweet  taste;  specific 
gravity  1.372,  at  59^  F. 

€==0.25;  a    =       24^.2; 

i=  1.076;  a"=  — 8^.4; 

t  =53^.4  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  50,13. 

70.  Miel  de  purga.     Clayed  molasses  brought  from  the  Saralogi 
estate,  Cuba,  and  analyzed  in  PVi\Ud^\5\iv«i» 
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A  rather  dark  colored  and  thick  molasses,  having  a  slightly  acid 
taste;  specific  gravity  1.361. 

«=:0.25;  a   =       20^.3; 

d==  1.062;  a"  =  —  6^.26; 

t  =70^  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  49.50. 

71.  Miel  dt  descarga.     From  the  Saratoga  estate. 

A  rather  light  colored  molasses,  of  ordinary  consistency,  and 
having  a  slightly  acid  vinous  taste;  specific  gravity  1.340. 

«  =  0.25;  a   =       21^.2; 

d=  1.0607;         a"  =  —  6^; 
^=70^  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  50. 6S. 

72.  New  Orleans  plantation  molasses.     Obtained  in  Louisiana. 

A  molasses  of  ordinary  consistency,  having  a  slightly  acid  taste, 
and  rather  dark  color.  When  poured,  a  foam  formed  on  the  sur- 
face.    Specific  gravity  1.352,  at  81^.7  F. 

The  extractive  matter  was  precipitated  by  sub-acetate  of  lead, 
and  the  solution  filtered  through  boneblack. 

e=:0.25;  a    =       22.07; 

d=  1.0707;         a"  =  —  6°. 2; 
t  =  71^.6;  n    =       0.9. 

Per  cent,  of  cane  sugar,  53.18. 

73.  Sugar  house  molasses,  Philadelphia.     From  a  grocer. 

A  dark,  thick  molasses,  having  a  decidedly  burnt  taste  and  odor; 
specific  gravity  1.493. 

«  =  0.50;  a   =       37^.3; 

d=  1.171;    .       a''=  — 9^; 
t  ==  n  =       0.8. 

Per  cent,  of  cane  sugar,  40.03. 

74.  New  Orleans  sugar-house  molasses. 

A  rather  dark  colored  and  very  thick  molasses,  having  a  very 
distinct  burnt  taste  and  odor;  slightly  translucent;  specific  gravity 
1.4002,  at  81^  F. 

6  =  0.25;  a   =  18^.8; 

d=  1.073;  a"  =  4«.8; 

^  =  80^  F.;         n   =0  9. 

Per  cent,  of  cane  sugar,  43.53. 


[50]  3M 

76.  Sirup  ie  hatteritj  or  melado.  Brought  from  the  Ingtnio 
atoga^  Cuba. 

Specific  gravity  1.337,  at  84^.8  F. 

e  =  0.25;  a   ==       25^.2; 

il=  1.056;  a"=— 7^4; 

/  =  82^.6  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  60.57. 

76.  Loyering's  «tru|i ;  drippings  from  loaves;  PLiladelphia. 

A  light  reddish  yellow,  almost  transparent  sirup;  specific  gra 
1.3.     A  perfectly  white  sugar  had  settled  in  the  bottle. 

«=:0.50;  a   =       55^.5; 

il=  1.1601;         a"  =  — 14^.7; 
/  =  n   =       0.9. 

Per  cent,  of  cane  sugar,  59.76. 

77.  Lovering's  second  quality  sirup,  Philadelphia. 

A  cherry  red,  translucent  sirup,  having  a  very  slight  burnt  1 
and  odor.     Specific  gravity,  1.4. 

e  =  0.60;  a   =       43**. 4; 

d=  1.168;  a"  =  — 9.8; 

t  =  n   =       0.9, 

Per  cent,  of  cane  sugar,  44.86. 

MOLASSES  SEDIMENTS. 

1.  Sediment  from  molasses.  No.  21.  Received  from  the  New  ' 
custom-house. 

The  supernatant  molasses  quite  acid,  and  the  sediment 
grained  and  somewhat  pasty;  the  taste  acid,  apparently  in  c< 
quence  of  the  intermixed  molasses. 

6  =  0.26;  a    =       32®; 

d=  1.090;  a"  =  — 9°; 

t  =21^.5  C;     n    =       019. 

Per  cent,  of  cane  sugar,  74.34. 

2.  Sediment  from  Cienfuegos  molasses.  Received  from  the  ! 
adelphia  custom-house. 

A  brownish  yellow  sediment,  having  a  slightly  acid  odor 
partly  pasty,  partly  granular;  gritty  between  the  fingers. 

6  =  0.25;  a    =       31^.2; 

d=  1.0878;  a"  =  — 9^.4; 

t  =  19^.6  C;  n    =       0.9. 
Per  cent,  of  cane  sugar  73.90. 

3.  Sediment  from  Txluid^^  &t  C»\>^  \slq\^^^^^^!!{o.  23.    A 
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yellow,  almost  entirely  pasty  mass,  having  no  perceptible  grit  be- 
tween the  fingers  or  teeth. 

6=3  0.25;  a   =       33^.2; 

d=:  1.0866;         a"  =—10**; 
^  =  71^F.;        n   =       0,9. 
Per  cent,  of  cane  sugar,  78.62, 

4.  Sediment  from  molasses^  No.  24. 

The  supernatant  molasses  unusually  thin  and  watery;  the  sedi- 
ment of  itself  dark  colored,  of  a  gritty  and  coarse  grain,  and  to  the 
taste  slightly  acid. 

6  =  0.25;  a    =       35^; 

d=  1.0925;         a"  =  —9^; 
t  =  19^.25  C;   n   =       0.9. 

Per  cent,  of  cane  sugar,  79.55. 

5.  Sediment  from  molasses  (No.  33)  from  Sagua  la  Grande. 

The  exposed  surface  of  this  sediment  was  dark  colored,  hard,  and 
dry.  It  was  removed,  and  the  analysis  made  of  the  interior,  which 
was  light  colored  and  dryer  than  the  other  sediments  analyzed. 

6  =  0.25;  a    =       33^.15; 

d=  1.0982;         a"  =  —  11«>.95; 
t  =  55^.4  C;     n   =      0.9. 

Per  cent,  of  cane  sugar,  81.58. 

6.  Sediment  from  molasses,  No.  36. 

A  light  colored  and  apparently  three-fourths  pasty  mass;  the 
supernatant  molasses  entirely  sweet. 

6  =  0.25;  a   =       31^.8. 

d=  1.085;  a"=— 9<^. 

^  =  83^.5  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar  74.83. 

7.  Sediment  from  molasses  (No.  38)  from  Nuevitas. 

A  dark  colored  dirty  mass;  three  fourths  granular,  and  of  good 
grain;  crystals  of  sugar  occurring  here  and  there  in  the  mass. 
6  =  0.25;  a    =       32^.2; 

d=  1.0836;         a"  =  — 9^.1; 
/=890F.;  n   =       0.9. 

Per  cent,  of  cane  sugar ,75. 34. 

8.  Sediment  from  Nuevitas  molasses. 

A  dark  colored  sediment,  entirely  granular,  and  of  a  very  good 
grain;  gritty  between  the  teeth. 
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e  =  0.25;  a   =       29^.6; 

d=  1.0886;         a"  =  —10^; 
t  =20^  C;         n    =       0.9. 

Per  cent,  of  cane  sugar,  72.20. 

9.  Sediment  from  Nuevitas  molasses. 

A  ligbt  colored  granular  sediment,  having  a  very  good  grain,, 
and  not  at  all  pasty;  gritty  between  the  fingers.  The  molasses  was 
separated  by  putting  the  sediment  into' a  linen  cloth,  and  allowing 
the  molasses  to  flow  through.  It  was  suffered  to  remain  so  for 
nearly  twenty-four  hours,  and  the  driest  portions  then  selected  for 
analysis. 

6=0.25;  a   =       35^.6; 

d=  1.088;  a"=  — 9^.3; 

t  =24^.6  C,     n    =        0.9. 

Per  cent,  of  cane  sugar,  81.47. 

10.  Sediment  from  Nuevitas  molasses. 

A  yery  light  yellow,  half  pasty,  half  granular  mass;  unusually 
free  from  foreign  matter. 

e  =  0.25;  a   =       34^.1; 

d=  1.090;  a"=—  9^.2; 

t  =86^.5  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  78.40. 

11.  Sediment  from  molasses.  No.  41. 

A.  dark  colored  granular  mass,  with  a  hard,  strong,  and  gritty 
grain.  It  was  impossible  to  drain  off  all  the  molasses  by  the  pro- 
cess used  in  the  other  sediments;  this  resembling  brown  sugar  of 
good  grain,  mixed  with  molasses. 

6  =  0.25;  a    =        30^.3, 

d=  1.0871;         a"=  — 7^.5; 
^  =  20^  C;  n    =        0.9. 

Per  cent,  of  cane  sugar,  68.59. 

12.  Sediment  from  Porto  Rico  Rico  molasses. 

Consists  of  a  half  pasty,  half  granular  mass,  containing  lumps  of 
granulated  sugar;  gritty  when  rubbed  between  the  fingers. 

e  =  0.25;  a   =       33^6; 

d=  1.0916;         a"  =  —  9^.4; 
^  =  23^.3  C;      n   =       0.9. 

Per  cent,  of  cane  sugar,  77.87. 
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13.  Sediment  from  molasses,  No.  42* 

A  semi-granulari  dark  colored  sugar,  haying  a  grain  only  passably 
good,  and  an  odor  like  that  of  molasses. 

6  =  0.25;  a   =       31^. Sj 

d=  1.093;  a"  =  — 9^.2; 

/  =  ;  n    =        0.9. 

Per  cent,  of  cane  sugar,  74.19. 

14.  Sediment  from  molasses.  No.  49. 

A  light  yellow  colored  sediment,  apparently  about  four-fifths  gran- 
ular, and  having  a  very  good,  hard  grain;  gritty  between  the 
fingers. 

e  =  0.25;  a   =       33^.25; 

d=  1.0905;         a"  =  —  10®; 
/  =  26®  C;         n   =       0.9. 

Per  cent,  of  cane  sugar,  78.54. 

15.  Sediment  from  molasses.  No.  49. 

A  mixture  of  pasty  sediment  and  supernatant  molasses,  from'se- 
diment  No.  14;  not  the  slightest  grit  perceptible  by  rubbing  be- 
tween the  fingers.  It  has  a  yellow  color,  and  sufficient  fluidity  to 
allow  it  to  be  poured. 

6  =  0.25;  a   =        30^.7; 

d=  1.0853;         a"=  — 8^.2; 
t  =  26®  C;         n   =       0,9. 

Per  cent,  of  cane  sugar,  70.80. 

16.  Sediment  from  Guayama  molasses,  No.  58. 

A  light  colored,  pasty  mass;  grain  very  inferior.  Not  gritty  be- 
tween the  fingers. 

6  =  0.25;  a    =        33®. 5; 

d=  1.0908;         a"  =  —8®. 6; 
/  =  22®  C;         n    =       0.9. 

Per  cent,  of  cane  sugar,  76.16. 

17.  Sediment  from  molasses.  No.  60. 

A  light  yellow  colored,  and  apparently  one-third  granular  mass« 

6  =0.25;  a    =        32®; 

d=  1.0914;         o"=  —  10.2; 
t  =71®  F.;         n    =        0.9. 

Per  cent,  of  cane  sugar,  76.67. 
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18.  Sediment  from  moUfses,  No.  62. 

A  brownish  yellow  sediment,  about  three-fourths  granular,  and 
having  an  odor  like  that  of  molasses. 

6  =  0.25;  a   =        32^.; 

d=  1.084;  a"=  — 9^.9; 

t  =  20^.8  C;     n    =        0.9. 

Per  cent,  of  cane  sugar,  76.58. 

19.  Sediment  from  St.  Croix  molasses,  No.  63. 

A  very  light  yellow,  and  altogther  pasty  mass;  much  drier  than 
generally  occurs. 

6  =  0.26;  a    =       33^.7; 

d=  1.0907;         a"  =  —  9^.3; 
t  =87^  F.;         n    =        0.9. 

Per  cent,  of  cane  sugar,  74.17. 

20.  Sediment  from  molasses  from  Xibara,  No.  68. 

A  reddish  brown,  half  pasty,  half  granular  mass,  in  a  state  of 
fermentation;  molasses  mixed  up  with  it. 

6  =  0.25;  a   =:       30«>.6; 

d=  1.0857;  a"  =  —  9°; 

^  =70^F,;  n    =       0.9. 

Per  cent,  of  sugar-cane,  73.49. 

21.  Sediment  from  molasses.  No.  69. 

A  brownish  yellow  sediment,  about  two-thirds   granular,  and  of 
quite  a  good  grain. 

6  =  0.25;  a    =       28^.3; 

d=  1.082;  a"  =  —  8^.8; 

t  =86^.5;  n    =        0.9. 

Per  cent,  of  cane  sugar,  67.90. 

22.  Molasses  sediment. 

A  deep  yellow  colored,  and  quite   granular  mass;  gritty  between 
the  fingers,  and  has  an  odor  entirely  sweet. 

6  =  0.25;  a    =        31^.7; 

d=  1.0884;  a"  =  —  9^; 

^  =  24^.6  C;  n    =        0.9. 

Per  cent,  of  sugar  cane,  73.97. 

23.  Molasses  sediment. 

A  brownish  yellow  sediment,  having  a  fine    large  grain,  and  an 
odor  like  that  of  molasses;  gritty  when  rubbed  between  the  fingers. 
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€  =  0.25;  a   =       36«; 

il=  1.0919;  a '=  —  9^.4; 

^=3  23*».2C.j         n   =       0.9. 

Per  cent,  of  cane  sugar,  80.29. 

24.  Molasses  sediment,  from  the   New  York  custom-house.     It 
appears  to  consist  of  cane  sugar  only,  and  has  a  hard,  gritty  grain. 

A  twenty-five  per  cent,  solution  was  first  heated  with  fine  animal 
black,  and  then  decolorized. 

6=0.25;  a    =       33^.75; 

d=  1.0936;  a"  =  —  10^.75; 

^  =  23^.3  C;        n    =       0.9. 

Per  cent,  of  cane  sugar,  80.63. 

25.  Sediment  from  molasses,  No.  50. 

Consists  of  soft  pasty  matter,  mixed  with  granular  catfe  sugar  in 
nearly  equal  proportions;  the  taste  a  pure  sweet. 

6  =  0.25;  a    =        31^; 

d=  1.0875;  a"  =  —  9^; 

t  =23^C.,  n    =       0.9. 

Per  cent,  of  cane  sugar,  72.83. 

26.  Molasses  sediment. 

The  supernatant  molasses  had  a  pure  sweet  taste.  When  a  film 
of  it  was  evaporated  on  glass,  it  deposited  a' thick  coating  appa- 
rently of  sugar.  The  solid  matter  of  the  sediment  seemed  to  be 
good  crystalline  sugar,  of  a  remarkably  strong  and  gritty  grain. 
A  portion  of  this  sediment  being  drained  of  molasses,  was  washed 
with  a  saturated  solution  of  pure  sugar,  to  remove  all  molasses. 
It  then  consisted  of  white,  hard,  gritty,  and  well  granulated  sugar, 
which,  after  drying,  gave  the  following  result: 

6  =  0.25;  a   =       39^,5; 

d=  1.0974;  a"=  —  12^; 

f  =  23^  C;  n    =        0.9. 

Per  cent,  of  Cane  sugar,  93. 

27.  Molasses  sediment. 

A  brownish  yellow, semi-granular  mass,  having  a  tolerable  grain; 
more  granular  than  pasty;  the  odor  like  that  of  molasses. 

6  =  0.25;  a    =       29^.8; 

<f=  1.093;  a"  =  —10^.1; 

^  =  22^.8  C;         n    =        0.9. 

Per  cent,  of  cane  sugar,  72.31. 
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28.  Molasses  sediment. 

Light  colored,  of  a  sweet  taste,  and  a  fine  but  firm  grain;  it 
seems  to  consist  chiefly  of  finely  divided  sugar. 

e  =  0.25;  a    =       31^; 

d=  1.0945;  a  "=  —  10^; 

^  =  20^  C;  n    =        0.9. 

Per  cent,  of  cane  sugar,  74.28. 

29.  Molasses  sediment. 

The  supernatant  molasses  pure  sweet;  the  sediment  apparently 
Ftrong  grained  sugar,  gritty,  and  distinctly  granular  between  the 
fingers;  taste  perfectly  sweet. 

e  =  0.25;  a    =        32^.5; 

d=  1.0904;  a"  =  —  10^; 

/  =  20^C.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  77.23. 

30.  Molasses  sediment. 

The  supernatant  molasses  sirupy,  but  somewhat  acid;  the  sedi- 
ment soft  grained  and  pasty;  its  taste  sweet  and  farinaceous. 

6  =  0.25;  a    =31^.5; 

d=  1.0916;  a"=  10°; 

t  =21^.5  C;         n   =  0.9. 

Per  cent,  of  cane  sugar,  75.28. 

SUGARS. 

i.  Sugar  from  Havana. — Received  from  the  custom-house,  Phila- 
delphia, and  marked  ^'  White  sugar,  (in  5  boxes,)  from  Havana, 
per  the  barque  Elizabeth,  J.  Remington,  master;  mark  [P.]  Con- 
signed to  J.  &  J.  Peterson.     August  28,  1845." 

White,  dry,  and  of  a  delicate,  fresh  flavor;  strong  grained;  fine, 
but  gritty. 

6  =  0.25;  a   =42^.5; 

d=  1.1078;         a"=13.5,. 
^  =  22^C.;  n  =0.9. 

Per  cent,  of  cane  sugar,  99.5 

2.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, Boston,  and  thus  labelled:  '^Sample  of  50  boxes  clayed 
sugar,  imported  into  Boston  from  St.  Jago  de  Cuba,  in  the  brig 
Jno.  H.  Stephens,  by  Chamberlain  &  Co.,  September  30,  1845; 
duty  2]^  cents  per  pound." 

A  white  and  dry  sugar,  having  an  excellent  grain. 
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6  =  0.25;  'a  =43^.36; 

d=  1.1105;         a"==  12^.78; 
/=:60°F.;  n  =0.9. 

Per  cent,  of  cane  sugar,  99. 

3.  Sugar  from  Trinidad. — Received  from  the  custom-housei 
Bostonj  and  marked  ^^Sample  of  20  boxes  white  su£[ar)  imported 
into  Boston  from  Trinidad,  in  the  barque  Franklin,  by  Gossler  & 
Co.,  October  11,  1845;  duty  4  cents  per  pound." 

A  white  and  dry  sugar,  having  an  excellent  grain,  and  almost 
purely  white. 

e  =  0.25;  a  =       40^; 

d  =  1.1094;         a"  =  — 13^3; 
^=64°F.;  »   =      0.9. 

Per  cent,  of  cane-sugar,  95.32. 

4.  Sugar  from  Matanzas. — Received  from  the  Philadelphia  custom- 
house, and  marked  ^'Sample  of  (brown  sugars)  550  boxes  sugar 
from  Matanzas,  imported  in  the  brig  Balize,  Capt.  Searles.  Con- 
signed to  Borie  &  McKean,  marked  [B.]     October  1,  1845." 

A  very  light-colored,  dry  sugar,  nearly  pure  white,  and  having  a 
very  good  grain,  gritty,  and  a  fine,  fresh  taste. 

e  =  0.25;  a  =       41^.4; 

d  =  1.1031;         a"=  — 12°.4; 
t  =79°.5  F.;      n  =      0.9. 

Per  cent,  of  cane-sugar,  96.58. 

6.  Sugar  from  Nuevitas. — Received  from  the  New  York  custom- 
house, and  marked  ^^Brig  Demarara,  Blachard,  master,  from  Nue- 
vitas; arrived  September  22,  1845;  F£,  78  boxes  brown  sugar,  im- 
ported by  Holt  &  Owen;  duty  2^  cents  per  pound.'' 

A  dry,  very  light-colored  sugar,  being  nearly  pure  white,  and 
having  a  good  grain,  and  gritty. 

6  =  0.25;  a  =       4P.7; 

d=  1.1039;        a"  =  —12°. 7; 
t  =81°  F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  97.55. 

6.  Sugar  from  Mansanilla. -^Received  from  the  custom-house, 
Boston,  and  marked  ^'Sample  of  87  boxes  white  sugar,  imported 
into  Boston  from  Mansanilla,  in  the  brig  Nereus,  by  Homer  & 
Sprague,  October  6,  1845;  duty  4  cents  per  pound." 

A  dry,  white,  bright,  crystalline  sugar,  having  an  excellent 
grain. 
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€»i0.26;  *  a  =  41^6; 
d=  1.1026;  a"=— 12^.3; 
/=:86^5  F.;      n  =       0.9 

Per  cent,  of  cane  sugar,  96.68. 

7. — Sugar  from  Pernambuco. — Receiyed  from  the  custom-house, 
Philadelphia,  and  marked  ^^Sample  of  brown  sugar,  in  sacks,  from 
Pernambuco,  per  the  brig  R.  F.  Lopos,  Tassot,  master;  mark,  L. 
Consigned  to  Samuel  A.  Lewis  &  Brother.     September  8, 1845." 

Nearly  white,  of  good  grain,  with  lumps  interspersed,  and  some- 
what moist. 

6=0.25;  a  =      42°; 

d  =  1.1065;         a"=— 14°.5;  (?) 

t=20PC.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  100.  (?) 

Quebrado  florete. 

8.  Sugar  from  Havana. — Received  from  the  custom-house.  New 
York,  and  marked  ^^Ship  Adelaide,  Adams,  master,  from  Havana; 
arrived  September  15,  1845;  J  M  &  C,  67  boxes  brown  sugar,  im- 
ported by  J.  Matthews  &  Co.;  duty  2^  cents  per  pound." 

A  dry,  light  colored  sugar,  nearly  white,  having  a  good,  strong 
grain,  with  small  hard  lumps  occurring. 

6=0.25;  a  =       42^.26; 

d  =  1.1061;         a"=  — 12°.8; 
t        750  F.;         n  =      0.9. 

Per  cent,  of  cane-sugar,  98.58. 

9.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the   Philadel- 
I  phia  custom-house,  and   marked  ^^Brown   sugar,  in  boxes,  per  the 

brig  Adela,  Long,  master,  from  St.  Jago  de  Cuba;  mark.  Plantation 
Blancoy  J.  J.  B.,  September  17,  1845." 

So  slightly  colored  that  it  might  be  called  white;  grain  dry,  fine, 
and  gritty;  taste  without  freshness  and  aroma. 

e=0.25;  a  =       42°. 5; 

d=  1.1090;         a"=— 12°.25; 
t  =20°C.;  n  =       0.9. 

Per  cent,  of  cane-sugar,  97.64. 

10.  Sugar  from  Mansanilla. — Received  from  the  custom-house, 
Boston,  and  marked  '^Sample  of  105  boxes  brown  sugar,  imported 
into  Boston,  from  Mansanilla,  in  the  brig  Nereus,  by  Homer  & 
Sprague.     October  6,  1845.     Duty  2^  cents  per  lb." 

A  drjj  very  light  colored  sup;ar,  almost  pure  white,  and  having 
an  excellent  graioi  with  cryaUWiiie  \\3l\ii^^  ^c.^\sl\\\tj^v 
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€  =  0.26;  a    =       42^.44; 

d=s  1.1086;         a"=—  12°. 7; 
^  =  65°. 7  F.;      n   =       0.9. 

Per  cent,  of  pane  sugar,  98.29. 

11.  Sugar  from  Cienfaegos. — Received  from  the  custom  bouse^ 
Boston,  and  marked  ^'  Sample  of  42  boxes  brown  sugar,  imported 
into  Boston  from  Ctenfuegos,  in  the  brig  E4iza  Burgess,  by  Benj. 
Burgess  &  Sons.     August  25,  1845.     Duty  2^  cents  per  lb.'' 

A  dry  white  sugar,  nearly  pure  white,  having  an  e:icellent  grain^ 
and  a  crystalline  appearance. 

e  =  0.25;  a    =        4P.7; 

d=  1.1022;         a"  =  —12°.  30; 
^  =  85°.2  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  96.94. 

12.  Sugar  from  Pernambuco. — Received  from  the  custom-house^ 
Boston,  and  marked  ^'Sample  of  600  bags  brown  sugar,  imported 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  by  Robt.  Q. 
Shaw  &  Co.     September  8,  1845.     Duty  2^  cents  per  lb." 

A  white  sugar,  (not  quite  pure  white,)  having  a  very  good  grain; 
large  hard  lumps  occurring  frequently. 

e  =  0.25;  a   =       42°. 7; 

d=  1.1054;         a"=—  12°.  1; 
t  =  69°F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  98.08. 

13.  Sugar  from  Pernambuco. — Received  from  the  custom-hou«"e, 
Boston,  and  marked  ^'Sample  of  330  bags  brown  sugar,  import*  <1 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  bytRobt.  G. 
Shaw  &  Co.     September  8,  1845.     Duty  2j^  cents  per  lb." 

A  light  colored  (almost  pure  white)  dry  sugar,  having  a  very  good 
grain.     The  copper  test  gives  a  red  precipitate. 

e  =  0.25;  a   =       42°; 

d=  1.1065;         a"=—  12°.25; 
/=71°.l  F.;      n    =       0.9. 

Per  cent,  of  cane  sugar,  97. 

14.  Sugar  from  Pernambuco. — Received  from  the  custom-house, 
Boston,  and  marked  ^'Sample  of  953  bbls.  brown  sugar,  imported 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  by  Robt.  O. 
Shaw  &  Co.     September  8,  1845.     Duty  2^  cents  per  lb." 

A  very  light  colored,  (almost  white,)  dry,  clayed  sugar,  having 
a  very  good  grain. 
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6  =  0.25;  a   =        41°. 9; 

d  =1.1068;  a"=—  12%2; 

^  =  71°F.;  n  =        0.9. 

Per  cent,  of  cane  sugar,  96.74. 

Quebrado  la. 

16.  Sugar  from  Havana. — Received  from  the  custom- bouse,  New 
York,  and  marked  ^^Ship  Adelaide,  Adams,  master,  from  Havana, 
arrived  September  16,  1845.  Mark,  S.  &  C,  3  boxes  brown  sugar, 
imported  by  Sturges  &  Co.     Duty  2J  cents  per  lb." 

A  very  light  colored  (nearly  pure  white)  sugar,  having  an  excel- 
lent grain;  small  hard  lumps  very  frequently  occurring. 

6  =  0.25;  a    =        41°. 75; 

d=  1.103;  a"=—  12°. 25; 

/  =  82°  F.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  96.89. 

16.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house. New  York,  and  marked  ^^mported  in  schooner  Charran, 
from  St.  Jago  deCuba,  by  Jonathan  Thompson,  jr.,  40  boxes  sugar. 
Jugua,  Tt.     October  9,  1845.     Duty  2^  cents  per  lb." 

A  dry,  very  light  colored  sugar,  (almost  pure  white,)  and  having 
an  excellent  grain. 

6  =  0.25;  a    =        42°. 9; 

d=  1.107;  a"=  —  12°.  8; 

t  =  73°  F-;  n    =        0.9. 

Per  cent,  of  cane  sugar,  99.56. 

17.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, New  York  and  marked  <^  Imported  in  schooner  Charran,  from 
St.  Jago  de  Cuba,  October  9,  1845,  by  Jonathan  Thompson,  jr., 
135  boxes  sugar,  marked  Tt  [P.  D.  O.  &  B.  C.  O.J  Dosramos. 
Duty  2J  cents  per  lb." 

A  very  light  colored,  dry  sugar,  having  a  very  good  grain. 

e  =  0.25;  a    =        41°. 2; 

d=  1.108;  a"=  —  13^.25; 

t=:  62°. 6  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  97.40. 

18.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, Boston,  and  marked  ^'Sample  of  32  boxes  first  quality  brown 
sugar,  imported  into  Boston  from  St.  Ja^o  de  Cuba,  in  the  brig 
General  Brooks,  by  John  S.  Hill,  August  12,  1845.     Duty  2A  cents 

per  lb.'' 
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A  very  light  colored |  dry  sagar^  haying  an  excellent  grain  ;  al- 
most pure  white. 

6  =  0.25;  a   =       42^.3; 

d=  1.1085;         a"=— 13^08; 
^  =:66°F.;  n  =       0.9. 

Per  cent,  of  cane  fugar,  99. 

19.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house^ Boston,  and  marked  '^  Sample  of  67  boxes  first  quality  brown 
sugar,  imported  into  Boston  from  St.  Jago  de  Cuba,  in  the  brig 
John  H.  Stephens,  by  John  S.  Hill,  September  30,  1845.  Duty  2| 
cents  per  lb." 

A  light  colored  (almost  white)  sugar,  having  a  very  good  grain, 
with  hard  lumps  occurring  frequently. 

6  =  0.25;  a    =       40^.92; 

d=  1.1066;         a"=— 13°.38; 
t  =65°. 2  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  97.26. 

20.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  ^<  Brown  sugar  in  boxes,  from  Trinidad, 

er  schooner  Fashion,  Howard,  master,  marked  S^  and  consigned  to 
&  W.  Welsh,  Philadelphia,  August  25,  1845." 

In  color  so  nearly  white,  that  it  might  readily  be  sold  as  such; 
grain  strong,  fine,  dry,  and  pulverulent.  It  contains  lumps  which 
are  so  compact  that  they  resemble  fragments  of  refined  loaf  sugar 
in  solidity;  the  taste  is  also  that  of  the  latter. 

6  =  0.25;  a    =        42^25; 

d=  1.1059;         «"  =  — 12^5^ 
/=22°C.;  n    =       0,9. 

Per  cent,  of  cane  sugar^  98.87. 

21.  Sugar  from  Trinidad. — Received  from  the  custom-house,  Bos- 
ton, and  marked  *'  Sample  of  459  boxes  of  brown  su^ar,  imported 
into  Boston,  from  Trinidad,  in  the  brig  Smyrna,  by  Philo  S.  Shel- 
ton,  September  30,  1845;  duty  2^  cents  per  pound." 

A  light  colored,  almost  white  sugar,  having  a  very  good  grain. 

6  =  0.25;  a    =       42°. 5; 

d=  1.1105;         a"=— 13; 
t  =  65.5;  n   =       0.9. 

Per  cent,  of  cane  sugar,  98.14. 

22.  Sugar  from  Nuevitas. — Received  from  the  rustom-house,New 
York  and  marked  "  Brig  Amaranday  Avery, maLaUi^tiova'&MV^Vv.'^v^ 
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arrived  September  26,  1846;  SVj  200  boxes  brown  sugar  imported 
by  Holt  &  Owen;  duty  2J  cents  per  pound." 

A  dry,  grayish  white  sugar,  having  a  very  good  grain;  small 
lumps  of  excellent  grain  occurring. 

6=0.25;  a    =       42^; 

d=  1.1046;         a"  =  —  1P.3; 
^  =  79^F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  96.31. 

23.  Sugar  from  Pernambuco. — Received  from  the  custom-house. 
Boston,  and  marked  ^^Sample  of  170  bags  brown  sugar,  imported 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  by  Robert  G. 
Shaw  &  Co.,  September  8,  1845;  duty  2J  cents  per  pound.'' 

A  grayish  white  and  slightly  moist  sugar,  having  a  mealy  feeling 
between  the  fingers;  hard  lumps  occurring  frequently. 

e  =  0.25;  a   =       40°; 

d=  1.1057;         a"  =  —  12°; 
t  =  81°  F.;  n  =        0.9. 

Per  cent,  of  cane  sugar,  93. 

24.  Sugar  from  Pernambuco. — Received  from  the  custom-house, 
Boston,  and  marked  ^^  Sample  of  717  bbls.  brown  su^ar,  imported 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  by  Robert  G. 
Shaw  &  Co.,  September  8,  1845;  duty  2]^  cents  per  pound.'' 

A  grayish  white,  slightly  moist  sugar,  having  a  tolerable  grain 
only;  lumps  of  a  hard  grain  occurring  in  it. 

e  =  0.25;  a   =?       40°. 3; 

d=  1.1053;         a"=  —  12°. 2; 
/  =  73°F.;  n  =       0.9. 

Per  cent,  of  cane  sugar  94. 

Quebrado  2a. 

26.  Sugar  from  Havana. — Received  from  the  custom-house,  Phi- 
ladelphia, and  marked  ^^Sugar  in  boxes,  per  the  brig  Elizabeth, 
Power,  master,  from  Havana,  consigned  to  John  F.  Ohl  &  Son; 
marked  0  $*  <Sf,  September  12,  1845. 

The  color  but  slightly  brown;  grain  fine,  dry,  and  pulverulent; 
aroma  rather  strong  for  a  clayed  sugar. 

e  =  0.25;  a    =       42°; 

d=  1.1083;         a"=  —  11°. 5; 
t  =  20°  C;  n   =        0.9. 

Per  cent,  of  cane  sugar,  95.42. 
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26.  Sugar  from  Havana. — Received  from  the  custom-hoase,  New 
York,  and  thus  labelled:  ''Ship  Adelaide,  from  Havana;  arrived 
September  15,  1845;  ji  J,  38  boxes  brown  sugar,  imported  by  Spof- 
ford,  Tileston  &  Co.;  duty  2^  cents  per  pound." 

A  very  light  colored,  dry  sugar,  having  a  very  good  grain,  with 
small  hard  lumps  occurring  frequently;  apparently  clayed. 

€  =  0.25;  a   =  41°. 2; 

d=  1.104;  a"=  12^.4; 

t  =  80^  F.;         n   =  0.9. 

Per  cent  of  cane  sugar,  96.1. 

27.  Sugar  from  St.  Jago  de  Cuba. — Received  from  custom-house, 
Philadelphia,  and  marked  ''Brown  sugar  in  boxes,  per  the  brig 
Mary  Helen,  West,  master,  from  St.  Jago  de  Cuba;  consigned  to 
Robert  Adams  &  Co.,  September  12,  1845." 

Qrain  fine,  dry,  and  gritty;  firm  between  the  teeth;  aroma  fresh 
and  delicate. 

e  =  0.25;  a    =       42^; 

d=  1.1085;         a"  =  —  14^; 
t  =26°  C;         n   =       0.9. 

Per  cent,  of  cane  sugar,  89.  (?) 

28.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
bouse,  Philadelphia,  and  marked  '^  Clayed  sugar  in  boxes,  from  St. 
Jago  de  Cuba,  per  the  brig  Vulture,  Mayo,  master,  marked  Y;  con- 
signed to  Burling  &  Dixon,  August  28,  1845." 

Color  very  light  brown;  grain  strong,  dry,  fine,  and  gritty. 

e  =  0.25;  a    =       43°; 

d=  1.1065;         a"  =  —  12^,5; 
t  =23^.5  C;     n   =       0.9. 

Per  cent,  of  cane  sugar,  98.  (1) 

29.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, New  York,  and  marked  "  Imported  in  the  schooner  Charran, 
from  St.  Jago  de  Cuba,  October  17,  1845,  by  Jonathan  Thompson, 
jr.,  50  bbls.  brown  sugar,  marked  Tt;  duty  2J  cents  per  pound.'- 

A  dry,  whitish  yellow  sligar,  of  a  very  good  and  hard  grain. 

€  =  0.25;  a    =       40®;      . 

d=  1.W36  a"  =  —  12^- 

t  =79^.5;  n   =       0.9. 

Per  cent,  of  cane  sugar,  93.31. 

30.  Sugar  from  St.-  Jago  de  Cuba. — Received  from  the  custom- 
house. New  York,  and  marked  "  Imported  in  schooner  Charran, 
from  St.  Jago  de  Cuba,  October  10,  1845,  by  Richard  Jlrvin,  25 
boxes  sugar,  marked  RF;  duty  2^  cents  per  pound." 

'    J23 


{50]  354 

A  dull  yellow  color;  slightly  moist,  with  hard  lumps  occuring; 
grain  tolerably  good. 

e=0.25j  a  =      38^.3; 

d  =  1.100;  a"  =  — 11°; 

t  =83°  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  88.64. 

31.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, Boston,  and  marked  '^Sample  of  233  boxes  second  quality 
brown  sugar,  imported  into  Boston,  from  St.  Jaeo  de  Cuba,  in  the 
brig  Jno.  H.  Stephens,  by  John  S.  Hill,  September  30,  1845;  duty 
%\  cents  per  pound." 

A  grayish  yellow,  rather  dry  sugar,  having  a  good  grain;  ap- 
pearance not  crystalline. 

€  =  0.25;  a   =      41°. 75; 

d  =  1.1046;         a"  =  — 1P.8; 
t  =81°  F.;         n    =       0.9. 

Per  cent,  of  cane-sugar,  95.83. 

32.  Sugar  from  St.  Jago  xle  Cuba — Received  from  the  custom- 
house, Boston,  and  thus  labelled:  '^Sample  of  133  boxes  'second 
quality'  brown  sugar,  imported  into  Boston,  from  St.  Jago  de  Cuba, 
in  the  brig  General  Brooks,  by  John  S.  Hill,  August  12, 1845;  duty 
2J  cents  per  pound." 

A  yellowish  white,  dry  sugar,  having  a  good  grain,  but  not  a 
crystalline  appearance. 

6  =  0.25;  a    =40°. 2; 

d=  1.1007;         a"  =12°.  6; 
t  =60^.9  F.;     w    =0.9. 

Per  tent,  of  cane  sugar,  95.48.  ' 

33.  Sugar  from  Trinidad — Received  from  the  custom-house,  Bos- 
Ion,  and  thus  labelled:  "Sample  of  149   boxes  brown  sugar,  im- 

Sorted    into    Boston,  from    Trinidad,  in  the   barque  Franklin,  by 
enjamin   Burgess  &  Sons,   October    18,  1846;  duty  2i  cents  per 
pound." 

A  brownish  yellow,  rather  dry  sugar,  having  a  good  grain  and  a 
dull  uncrystalline  appearance. 

6  =  0.25;  a   =       4P.1: 

d=  1.1067;  a"  =  —  12; 

^  =  80°  F.;         71  =       0.9. 

Per  cent,  of  cane  sugar,  94.89. 

34.  Sugar  from  Trinidad — Received  from  the  custom-house,  Bos- 
ton, and  thus  labelled:  ^^  Sample  of  100  boxes  brown  sugar,  im- 
ported  into   Boston,  from   Trinidad,  in  the   barque  Franklin,  by 

JSenjamin  Burgess  &  Sons,  October   11,  1845;  duty  2^  cents  per 
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A  light  coloredi  dry,  clayed  sugar,  having  a  good  grain. 

c  =  0.25;  a   =       39.4; 

d=  1.1135;         a"=— 13^.32; 
^  =  66^.3  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  93.94. 

35.  Sugar  from  Trinidad. — Received  from  the  custom-house,  Bos- 
ton, and  thus  labelled:  ^^  Sample  of  72  boxes  brown  sugar,  im- 
ported into  Boston,  from  Trinidad,  in  the  barque  Smyrna,  by 
Philo  S.  Shelton,  September  30,  1846;  duty  2\  cents  per  pound. 

A  yellowish  gray,  dry  sugar,  having  a  good  grain  and  an  uncrys- 
talline  appearance. 

6  =  0.25;  a    =       30^.4; 

d=  1.1018;  «"=— 12^; 

^  =  80°  F.;  n    =       0.9. 

Per  cent,  of  cane  sugar,  92.34. 

36.  Sugar  from  Matanzas. — Received  from  the  custom-housej 
Philadelphia,  and  marked  ^'  Sample  of  550  boxes  sugar  from  Ma- 
tanzas, in  the  brig  Balize,  Captain  Searles,  consigned  to  Borie  & 
HcKean,  marked  [B;]  October  1,  1845." 

A  brownish  white,  dry  sugar,  having  a  good  grain,  and  gritty; 
very  hard  lumps  occurring  in  it. 

e==:0.25;  a    =41^; 

d=  1.1034;         a"  =12; 
^  =  83^.5  F.;     n   =0.9. 

Per  cent,  of  cane  sugar,  95.06. 

87.  Sugar  from  Mayaguez. — Received  from  the  custom-hoise, 
Philadelphia,  and  marked  ^'Sample  of  sugar  from  Mayaguez,  per 
schooner  Nonpareil,  Captain  Homer,  consigned  to  Mason  &  Kirk- 
land,  marked  P;  60  hhds." 

A  light  colored  (nearly  white)  moist  sugar,,  having  a  rather  in- 
ferior grain,  and  a  pasty  feeling  between  the  fingers. 

c  =  0.25;  a    =39^.1; 

d=  1.1021;  a  "=  11^.7; 

t  =  80®  F.;  n    =0.9. 

Per  cent,  of  cane  sugar,  91.23. 

38.  Sugar  from  Cienfuegos. — Received  from  the  custom-house, 
Boston,  and  thus  labelled:  "Sample  of  194  boxes  brown  sugar,  iin- 

Sorted  into  Boston  from  Cienfuegos,  in  the  brig  Eliza  Burgess,  by 
ienj.  Burgess  &  Sons,  August  25,  1845.     Duty  2\  cents,  per   lb." 

A   light  yellow^  dr^  sugar,  having    a   vexy   ^oqA  V^i\  %^'^\^\ 
and  a  crystalline  appearance. 
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6  =  0.25;  a   =        39^.9; 

d—  1.1017;         a"=  — 12^.2; 
^  =  79^.5  F.;     n   =        0.9. 

Per  ceilt.  of  canfe  su^ar,  93.64. 

39.  Sugar  from  Mansanilla. — Received  from  the  custom-house^ 
Boston,  and  thus  labelled:  ^'Sample  of  83  boxes  brown  sugar,  im- 
ported into  Boston  from  Mansanilla,  in  the  brig  Nerews,  by  Homer 
&  Sprague,  October  6,  1845.     Duty  2^  cents  per  lb." 

A  yellowish -white,  dry  sugar,  having  an  excellent  crystalline 
grain. 

c  =  0.25;  a    =       40^.96; 

d=  1.1062;         a"==—  13; 
^  =  63^.3  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  96.72. 

40.  Sugar  from  Bahia. — Received  from  the  custom-house,  Phila- 
delphia, and  marked  '^Samples  of  sugar  in  cases,  per  the  schooner 
Almira,  from  Bahia,  Captain  Norgram,  consigned  to  S.  A.  Lewis 
&  Brothers,  September  15,  1845." 

A  grayish  white,  slightly  moist  sugar,  having  only  a  tolerable 
grain;  large,  but  not  very  hard  lumps  occurring. 

e  =  0.25;  a    =        41^.1; 

d=  1.103;  a"  =  —  11^.9; 

/  =  S20;  n    =        0.9. 

.   Per  cent,  of  cane  sugar,  96.08. 

Quebrado  3a. 

41.  Sugar  from  Havana. — Received  from  the  custom  house,  New 
York,  and  marked  ^'Ship  Adelaide,  Adams,  master,  from  Havana; 
arrived  September  15,  1845;  marked  AK;  82  boxes  brown  sugar, 
imported  by  Spofford,  Tileston  &  Co.      Duty  2^  cents  per  pound." 

A  dull  yellow,  dry  sugar,  having  a  good  grain;  small  hard  lumps 
occurring. 

6  =  0.25;  a    =36^.3; 

d=  1.095;  a"=  12^.5; 

^  =  54^.6  F.;      ;i    =0.9. 

Per  cent,  of  cane  sugar,  87.91. 

42.  Sugar  from  St.  Jago    de    Cuba. — Received  from  the  custom- 
.  house,  Boston,    and  labelled  thus:    '^Sample  of   31   bbls.    brown 

sugar,  imported  into  Boston  from  St.   Jago   de   Cuba,  in   the    brig 
General  Brooks,  by  John  S.  Hill,  August  12,  1845.     Duty  2h  cents 
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A  brownish  yellow,  dry  sugar,  having  a  good  grain  and  a  dull 
uncrystalline  appearance. 

6  =  0.25;  a    =        38^.9; 

d=  1.10835;       a"  =  —  12.3; 
^  =  61^.8  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  91.62. 

43.  Sugar  from  Trinidad. — Received  from  the  custom-housci 
Philadelphia,  and  marked  ^^Brown  sugar,  in  boxes,  from  Trinidad. 
per  schooner  Fashion,  Howard,  master,  marked  R.  Y.;  consignea 
to  S.  &  W.  Welsh;  August  25,  1845." 

It  contains  numerous  small  dark  dry  lumps,  which  crumble 
readily  between  the  teeth,  though  not  between  the  fingers;  and 
these  are  mixed  with  fine  powdered  sugar,  of  a  lighter  color. 

e  =  0.25;  a    —       39^.1; 

d=  1.100;  a''  =  —  13^; 

^  =  260.5  C;      71    =        0.9. 

Per  cent,  of  cane  sugar,  93.38. 

44.  Sugar  from  Trinidad. — Received  from  the  custom-house^ 
Philadelphia,  and  marked  ^'Sample  of  brown  sugars,  in  boxes, 
from  Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  V; 
consigned  to  S.  &  W.  Welsh;  August  25,  1&45." 

A  brownish  yellow,  dry  sugar;    strong  grain. 

6  =  0.25,  a    =       38^.8; 

d=1.10Il;  a"=  — 11^.2; 

t^lb"^  F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  89.85. 

45.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  '^Sample  of  brown  sugar,  in  boxes,  from 
Trinidad,  per  schooner  Fashionj  Howard,  master,  marked  L;  con- 
signed to  S.  and  W.  Welsh;  August  25,  1845." 

A  brownish  yellow  sugar,  of  rather  hard  grain;  small  lumps  oc- 
curring in  it  ot  still  stronger  grain. 

e  =0.25;  a    =       38^.7; 

d=  1.100;  a"=  — 11«;     . 

t  =  79®  F.;  n   =        0.9, 

Per  cent,  of  cane  sugar,  89.37. 

46.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  '^  Sample  of  brown  sugar,  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  H;  con- 
signed to  S,  and  W.  Welsh;  August  25,  1S45.^^ 
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A  deep  brownish  yellow,  slightly  moist  sugar,  haying  only  a 
tolerable  grain;  large  lumps  of  a  darker  color  occurring  in  it  fre- 
quently. 

c  =  0.26;  a    =        38^; 

d=  1.096;  a"=  —  10«>.5; 

^  =  85^?.;         n    =       0.9. 

Per  cent,  of  cane  sugar,  87.47. 

47.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  '^  Sample  of  brown  sugar,  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  D  S; 
consigned  to  S.  and  W.  Welsh;  August  25,  1845." 

Deep  brownish  yellow,  and  dry;  fair;  grain  rather  gritty  between 
the  fingers;  lumps  of  a  darker  color  occurring. 

c  =  0.26;  a    =        39^; 

d=  1.0898;         a"  =  —  11^.2; 
^  =  85«  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  91.11. 

48.  Sugar  from  Trinidad. — Received  from  the  custom-house^ 
Boston,  and  labelled  as  follows:  ^^Sample  of  28  boxes  brown  sugar,, 
imported  into  Boston,  from  Trinidad,  in  the  barque  Franklin,  by 
Gossler  &  Co.,  October  11,  1845.     Duty  2J  cents  per  lb." 

A  brownish  yellow,  rather  dry  sugar,  having  a  good  grain. 

€  =  0.26;  a    =        39^.5; 

d=  1.1026;  a''  =  —  11^.8; 

^  =  67^.7  F.;     n    =        0.9. 

Per  cent,  ol  cane  sugar,  92.16. 

49.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Boston,  and  labelled  as  follows:  '^Sample  of  150  boxes  brown 
sugar,  inoported  into  Boston,  from  Trinidad,  in  the  barque  Frank- 
lin, by  Benjamin  Burgess  &  Sons,  October  11,  1846.  Duty  2\ 
cents  per  lb." 

A  reddish  brown,  dry  sugar,  having  a  good  grain,  with  a  dull 
uncrystalline  appearance. 

6  =0.26;  a    =        38^.5; 

d=  1.1043;  a"=  —  12^.6; 

^  =  64^  F.;         n    =        0.9. 

Per  cent,  of  cane  sugar,  91.81. 

50.  Sugar  from  Nuevitas. — Received  from  the  custom-house, 
l^ew  York,  and  marked  '^  Brig  Demarara,  Blanchard,  master,  from 

Nuevitas;   eLTTiTei  September  22,    1845.     F  E,  481   bbls.    brown 
ngar,  imported  by  Holt  &  Owen.    "DmI^  'i\  ^^^\!^  ^^iWi-" 
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A  deep  yellow,  and  slightly  moist;  tolerable  grain. 

e  =  0,25;  a   =      '38°. 5; 

d=  1.1007;         a"=—  11°; 
t=  n   =       0.9. 

Per  cent,  of  cane  sugar,  88.89. 

51.  Sugar  from  Nuevitas. — Received  from  the  custom-house^ 
New  York,  and  marked  ^^  Brig  Demarara,  Blanchard,  master,  from 
Nuevitas;  arrived  September  22,  1845.  F  £,  78  boxes  browa 
sugar,  imported  by  Holt  &  Owen.     Duty  2j^  cents  per  lb." 

A  dry,  yellow  sugar,  having  a  good  grain. 

6=0.25;  a    =       390.9; 

d=  1.102;  a"  =  —  11^.2; 

f  =78°  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  91.69. 

52.  Sugar  from  Nuevitas. — Received  from  the  custom-house^ 
New  York,  and  thus  labelled:  "Brig  Amanda,  from  Nuevitas,  ar- 
rived September  26,  1845.  S  Y,  200  boxes  brown  sugar,  imported 
by  Holt  &  Owen.     Duty  2^  cents  per  lb." 

A  dull  yellow,  moist  sugar,  havine  a  very  inferior  grain,  and  a 
dull  uncrystalline  appearance;  pasty  between  the  fingers. 

e  =  0.25;  a   =        35^.9; 

d=  1.100;  a'' =  — 10^.8; 

t  =  55^.2;  n   =        0.9. 

Per  cent,  of  cane  sugar,  84. 

53.  Sugar  from  Manilla. — Received  from  the  custom-house, 
New  York,  and  marked  "  Ship  Delhi,  Williams,  master,  from 
Manilla;  arrived  August  14,  1845;  no  mark;  8,371  bags  brown 
sugar,  imported  by  Tucker  &  Doland.     Duty  2^  cents  per  lb." 

A  dry^  brown  colored  sugar,  of  a  hard  grain  and  peculiar  flavor;, 
lumps  of  a  darker  color,  and  harder  grain,  occurring  frequently. 

e  =  0.25;  a   =       39°. 5; 

d=  1.1027;         a"=— 11^.6; 
^  =  74^.8;  n   =       0.9. 

Per  cent,  of  cane  sugar,  91.66. 

MUSCOVADO  SUGARS. 

54.  Sugar  from  Havana. — Received  from  the  custom-house.  New 
York,  and  marked  ^^Ship  Adelaide,  Adams,  master,  from  Havana; 
arrived  September  15,  1845.  S  G,  7  hhds.  brown  sugar,  imported 
by  SpofiFord,  Tileston  &  Co.     Duty  2j^  cents  pet  povi^d,'' 
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A  very  deep  yeilow,  moist  sugar,  of  a  rather  inferior  grain; 
pasty  between  the  fingers. 

e  =  0.25;  a    =        37«.3; 

d=  1.0997;         a"  =—10^.2; 
^  =  77^.5  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  85.36. 

Muscovado  sugar  from  St.  Jago  de  Cuba. 

55.  Received  from  the  custom-house,  Philadelphia,  and  marked 
^^  Brown  sugar,  in  hhds.,  per  brig  Mary  Helen;  West,  master,  from 
St.  Jago  de  Cuba,  consigned  to  Robert  Adams  &  Co.,  and  marked 
W.  C.  September  12,  1845." 

A  delicate  flavored  raw  sugar;  aroma,  fresh  and  full;  grain  fine, 
and  rather  soft;  also  somewhat  moist. 

6  =  0.25;  a    =       41^; 

d=  1.1022;         a"  =  —  11^.6; 
t  =23^.5  C.      n    =        0.9. 

Per  cent,  of  cane  sugar,  94.37. 

56.  Received  from  the  Philadelphia  custom-house,  and  marked 
"Sample  of  sugar  in  hhds.  from  St.  Jago  de  Cuba,  per  hrifr  Vul- 
ture, Mayo,  master,  marked  F,  and  consigned  to  Burling  &  Dixon, 
August  28,  1845." 

A  dark  brown,  very  moist,  soft  weak  grained  sugar. 

e  =  0.25;  a    =        38^.8; 

d=  1.0965;         a'=—  12^.2; 
^  =  25°. 6  C;     n    =        0.9. 

Per  cent,  of  cane  sugar,  92.18. 

57.  Received  from  the  Philadelphia  custom-house,  and  marked 
"Sample  of  brown  sugar  in  hhds.,  per  brig  Mary  Helen,  West, 
master,  from  St.  Jago  de  Cuba,  consigned  to  Robert  Adams  &  Co., 
marked  ^.;  September  12,  1845." 

A  brownish  yellow,  moist  sugar;  grain  rather  hard;  contains 
lumps  of  a  hard  strong  grain. 

e  =  0.25;  a    =        38«^.l; 

d=  1.10075;        a'^  =  —  11°; 
t  —  75^  F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  88.23. 

58.  Received  from   the   New   York   custom-house,  and   marked 
/^Imported  in  schooner  CharraU)  from  St.  Jago  de  Cuba,  October 


361  [  $0  ] 

9,  1815,  by  Jonathan  Thompson,  jr.,  18  hhds.  brown  sugar,  marked 
Tt;  duty  2J  cents  per  pound." 

A  yellowish  white,  moist  sugar,  of  an  inferior  grain;  pasty  be- 
tween the  fingers;  a  few  lumps  of  good  grain  occurring  in  it. 

e=0.26;  a   =       37^.5; 

i—  1.1022;         a"  =  -   11°. 6; 
^  =  77^.5  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  88.28. 

69.  Received  from  the  New  York  custom-house,  and  marked 
<^ Imported  in  brig  £.  D' Wolfe,  Steelman,  master,  from  St.  Jago 
de  Cuba,  by  Dunscomb  &  Beckwith,  August  27,  1846,  29  hhds. 
brown  sugar,  marked  W,  C^ 

A  dull  yellowish  white,  moist  sugar,  having  a  tolerable  grain. 

6  =  0.25;  a    =        38°. 6; 

d—  1.1016;         a"  =  —  11°. 4; 
^  =79°  F.  n  =       0.9. 

Per  cent,  of  cane  sugar,  89.79. 

60.  Received  from  the  New  York  custom-house,  and  marked 
**  Imported  in  brig  E.  D' Wolfe,  from  St.  Jago  de  Cuba,  by  Duns- 
comb  &  Beckwith.  August  27,  1845,  50  hhds,  brown  sugar,  marked 
RW„ 

E  • 
A  deep  yellow,  moist  sugar,  of  a  dull  appearance,  and  having  a 
very  inferior  grain. 

e  =  0.25;  a    =       35°5; 

d=  1.1042;         a"  =  —12°; 
^  =  63°  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  88.30. 

61.  Received  from  the  custom-house.  New  York,  marked  **  Im- 
ported in  brig  E.  D'Wolfe,  from  St.  Jago  de  Cuba,  by  Dunscomb 
fc  Beckwith,  August  27,  1845,  98  hhds.  brown  sugar,  marked 
RW  „ 

s  • 

A  yellow,  moist  sugar,  having  a  rather  inferior  grain,  and  dull 
appearance. 

e  =  0  25;  a    =       40°; 

d=  1.1077;         a"  =  —13.2. 
^  =  60°.l  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  95.26. 

62.  Received  from  the  New  York  custom-house,  and  marked  ^'Im- 
ported  in   brig  E.  D' Wolfe,   Steelman,  master,  from  St.  Jago  de 

RW 
Cuba,  by  Dunscombe  &  Beckwith,  August  27,  1846,      «      4   bbls. 

sugar;  duty  2^  cents  per  pound.'' 
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A  yellow,  moist  sugar,  of  a  rather  inferior  grain  and  dull  appear- 
ance. 

e  =0.25;  a   =       37<^.4; 

d=  1.1009;         a"  =  —  11°. 4; 
t  =  74^.5  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  87.79. 

63.  Received  from  the  Boston  custom-house,  and  marked  ^'Sam- 
ple of  179  boxes  clayed  sugar,  imported  into  Boston,  from  St.  Jago 
de  Cuba,  in  the  brig  John  H.  Stephens,  by  Chamberlain  &  Co., 
September  30,  1845;  duty  2j^  cents  per  pound." 

A  dark  yellow,  rather  dry  sugar,  having  a  good  grain;  rather 
mealy  when  rubbed  between  the  fingers. 

e  =  0.25;  a  =        40^.1; 

d=  1.1075;         fl/'=—  12^.1; 
^  =  60^  F.;         n  =        0.9. 

Per  cent,  of  cane  sugar,  92.98. 

64.  Received  from  the  Boston  custom-house,  and  marked  ^'Sam- 

Jle  of  40  hhds.  muscovado  sugar,  imported  into  Boston,  from  St. 
ago  de  Cuba,  in   the  brig  General   Brooks,  by  John  S.  Hill,  Au- 
gust 12,  1845;  duty  2\  cents  per  pound.'' 

A  light  yellow,  moist  sugar,  of  a  tolerable  grain  and  rather 
bright  crystalline  appearance. 

e  =  0  25;  a    =       38^.3; 

d=  1.1018;         a"  =  —  11^.3; 
•t=ll^  F.;         n    =        0.9. 

Per  cent,  of  cane  sugar,  89.06. 

65.  Received  from  the  custom-house,  Boston,  marked  "  Sample 
of  18  hogsheads  muscovado  sugar,  imported  into  Boston  from  St. 
Jago  de  Cuba,  in  the  brig  Jno.  H.  Stephens,  by  Chamberlain  & 
Co.,  September  30,  1845;  duty  2^  cents  per  pound." 

A  dark  brownish  yellow,  and  very  moist  sugar,  having  a  rather 
inferior  grain,  (pasty  between  the  fingers,)  and  a  peculiar  odor. 

e  =  0.25;  a   =       31^  A; 

d=  1.1037;         a"=—  11«>.9; 
t=  63^  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  88.47. 

66.  Sugar  from  Trinidad. — Received  from  the  Philadelphia  cus- 
tom-house, and  marked  "  Sample  of  brown  sugar  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master;  marked  R.  Con- 
signed to  S.  and  W.  Welsh.     August  25,  1845." 

A  yellow  sugar;  grain  rather  strong. 


363  [50} 

e  =  0.25;  a   =       38^.2; 

rf=  1.1012;         a"=—  11^; 
^  =  79^  F.;         n  =        0,9. 

Per  cent,  of  cane  sugar,  88.59. 

67.  Sugar  from  Trinidad. — Received  from  the  custom-house^ 
Boston,  and  marked  '' Sample,  of  35  boxes  brown  sugar,  imported 
into  Boston  from  Trinidad,  in  the  brig  Smyrna,  by  Philo  S.  Shel- 
ton,  September  30,  1846;  duty  2^  cents  per  pound." 

A  dark  brown,  moist  sugar,  of  rather  inferior  gratiLand  dull  ap- 
pearance.    Resembles  very  much  a  well  dried  sediment. 

e  =  0.25;  a  =        38^.5; 

d=  1.1020;         a"=—  11^.7; 
^  =  80^F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  90. 

68.  Sugar  from  Nuevitas. — Received  from'the  New  York  custom- 
bouse,  and  marked  ^^  Brig  Demarara,  Blanchard,  master,  from  Nu- 
evitas; arrived  September  22,  1845.  J  L  C,  35  hhds.  brown  sugar,. 
imported  by  Holt  &  Owen." 

A  light  yellow  and  slightly  moist  sugar,  of  fair  grain. 

€  =  0.25;  a  =        40«.9; 

d=  1.1039;         a"=:—  12^; 
/  =  81^  F.;  71=        0.9. 

Per  cent,  of  cane  sugar,  94.9. 

Muscovado  sugar  from  St.  Croix. 

69.  Received  from  the  custom-house.  New  York,  marked  **Schr. 
Empire,  from  St.  Croix,  imported  by  B.  DeForest  &  Co.;  120  hogs- 
heads sugar  (brown;)  arrived  September  22,  1845.  Duty  2^  cents^ 
per  pound." 

A  mcist,  light  yellow  sugar,  having  a  tolerable  grain. 

c  =  0.25;  a   =       40°; 

d=  1.1028;         a"=—  11°.7; 
t  =  ll''.l  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  92.75. 

70.  Received  from  the  New  York  custom-house,  and  marked 
"Brig  Star,  Hubbard,  master,  from  St.  Croix;  arrived  September  1, 
1846;  108  hogsheads  brown  sugar,  imported  by  B.  DeForest  &  Co. 
Duty  2\  cents  per  pound." 

A  light  yellow  and  slightly  moist  sugar;  good  grain,  and  crystals 
well  denned,  but  not  large. 

c  =  0.26;  a   =       40^.6; 

d=  1.1028;  a"=—  11^.4; 

t  =  83^  F.;        n  =       0.9. 

Fer  cent,  of  cane  Bugar^  93.22. 
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71.  Received  from  the  New  York  custom-house,  and  marked 
^4mported  in  brig  Hyder  Ali,  from  St.  Croix,  September  11,  1845, 
by  AIsop  &  Chauncey,  12  hogsheads  brown  sugar,  marked  B  G. 
Duty  2^  cents  per  pound." 

A  light  yellow  and  slightly  moist  sugar;  grain  good. 

e  =  0.25;  a   =        40*^.2; 

d=  1.1033;         a''=  —  11^5; 
r=  82^.5  F.;      n   =       0.9. 

Per  cent,  of'^cane  sugar,  92.72. 

72.  Received  from  the  custom-house,  New  York,  marked  *'  Im- 
ported in  >the  barque  Isabella,  from  St.  Croix,  September  4,  1845, 
by  Alsop  &  Chauncey,  10  hogsheads  brown  sugar,  marked  P.  Duty 
2J  cents  per  pound." 

A  dull  yellow  sugar,  with  a  tolerable  grain,  and  slightly  moist; 
crystals  of  a  rather  small  size. 

^  6  =  0.25;  a    =        38°. 95; 

d=  1.1023;         a"^—  12^.9; 
t  =  ir  F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  93.33. 

73.  Received  from  the  custom-house.  New  York,  marked  ^'  Im- 
ported in  the  brig  Hyder  Ali,  from  St.  Croix,  September  11,  1845, 
by  Beasly  &  McCready,  74  hogsheads  brown  sugar,  marked  F.  Duty 
2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  with  a  rather  good  grain,  and  a 
bright  crystalline  appearance. 

6  =  0.25;  a    =        39°. 4; 

d=  1.1045;         a''  =  —  13°. 5; 
t  =  60°.8F.;      71    =        0.9. 

Per  cent,  of  cane  sugar,  95.14. 


marked 
1845, 


74.  Received   from    the   custom-house,  New  York,    and  m 
**  Imported  in  brig  Hyder  Ali,  from  St.  Croix,  September  11,  -.^^^, 
by  Alsop  &  Chauncey,  25  hhds.  brown  sugar,  marked  [D.  D.  L.j 
Duty  2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  with  quite  a  good  grain,  and  having 
a  bright  crystalline  appearance. 

€  =  0.25;  a    =        40^.4; 

d=  1.1047;         a"  =  —  13^.2; 
^  =  61^.2  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  96.20. 

75,  Received   from   the   New  York   custom-house,    and   marked 
^^ Imported  in  schooner  A.biB\ia  JeiiV\Ti%^  YL^vii^'ei^  \xi^.^v^t^  Ctom.  St, 
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CroiZ|  September  5,  1845,  by  Aymar  &  Co.,  71  hhds.  brown  sugar, 
narked  R.  I.  G.     Duty  2^  cents  per  pound." 

A  dull  yellow  sugar;  grain  inferior;  a  sort  of  pasty  and  mealy 
feeling  between  the  fingers. 

e  =  0.25;  a    =       39^.9; 

d=  1.1027;         a"  =  — 110.4; 
^  =  77^.2  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  91.95. 

76.  Received  from  the  New  York  custom-house,  and  marked 
"Brig  Eliza,  irom  St.  Croix,  arrived  August  30,  1845;  198  hhds. 
brown  sugar,  imported  by  Benj.  De  Forest  &  Co.  Duty  2}  cents 
per  pound." 

A  light  yellow,  moist  sugar;  grain  tolerable;  rather  bright  crys- 
talline appearance. 

c  =  0.25;  a    =       41°. 4; 

d=  1.10625;      o"  =  —  12^.5; 
^=83^  F.;        n   =       0.9. 

Per  cent,  of  cane  sugar,  96.15. 

77.  Received  from  the  New  York  custom-house,  and  marked 
^'Imported  in  barque  Isabella,  from  St.  Croix,  September  4,  1845, 
by  Alflop  &  Chauncey,  10  hhds  brown  sugar,  marked  H.  Duty  2j[ 
cents  per  pound." 

A  light  yellow,  moist  sugar,  very  light  colored  for  Museovado; 
having  a  rather  inferior  grain,  and  a  dull  appearance;  crystals  very 
small. 

e  =  0.25;  a    =       40^.2; 

d=  1.1034;         a''  =  —  12^9; 
^  =  71*. 4;  n   =       0.9. 

Per  cent,  of  cane  sugar,  95.40. 

78.  Received  from  the  New  York  custom-house,  and  marked 
<* Barque  Rosalie,  from  St.  Croix,  arrived  September  3,  1845;  18 
hogsheads  brown  sugar,  imported  by  J.  C.  Whitmore.  Duty  2^ 
cents  per  pound." 

A  light  yellow,  moist  sugar,  of  good  grain,  and  having  a  bright 
crystalline  appearance. 

6  =  0.25;  a    =       40°. 3; 

(i=  1.1054;         a"  =  —  11°.8; 
^==76°. 6  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  93.28. 

79.  Received  from  the  custom-house,  New  York^  auvl  va^^k^vV 
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^^  Imported  in  schooDer  Abisha  Jenkins,  from  St.  Croix,  September 
5,  1845,  by  Aymar  &  Co.,  22  hogsheads  brown  sugar,  marked  W. 
Duty  2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance.- 

6  =  0.25;  a   =       40^.4; 

d=  1.1043;         a"=— 12°; 
^  =  61°. 7  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  93.94. 

80.  Received  from  the  New  York  custom-house,  and  marked 
^^  Imported  in  schooner  Abisha  Jenkins,  from  ^  t.  Croix,  by  Aymar 
&  Co.,  23  hogsheads  brown  sugar,  marked  G.  S.  H.  Duty  2^  cents 
per  pound." 

A  very  light  colored,  moist  sugar;  grain  rather  inferior;  dull  un- 
crystalline  appearance. 

6  =  0.25;  a   =s       39^; 

d=  1.1035;         a"=  — 12°.3; 
t  =82^  F.;         n   =       0.9. 

Per  cent,  of  cane  sUgar,  92.14. 

81.  Received  from  the  New  York  custom-house,  and  marked  **Im- 
ported  in  schooner  Abisha  Jenkins,  from  St.  Croix,  September  5, 
1845,  by  Aymar  &  Co.,  30  hhds.  brown  sugar,  marked  W.  N.  R. 
Duty  2|  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  very  good  grain,  and 
bright  crystalline  appearance. 

e  =  0.25;  a   =       40^.6; 

d=  1.10475;       a"=  —  12^.1; 
t  =83^  F.;         n    =       0.9. 

Per  cent,  of  cane  sugar,  94.41. 

82.  Received  from  the  New  York  custom-house,  and  marked 
^'  Imported  in  brig  Elizabeth,  from  St.  Croix,  August  11,  1845, 
by  Ezra  Whitmore,  26  bbls.  sugar,  marked  D  &  C.  Duty  2i  cents 
per  lb." 

A  very  light  yellow,  moist  sugar,  having  a  good  grain,  and  a 
bright  crystalline  appearance. 

e  =0.25;  a    =       41^.2; 

d=  1.1057;         a''=  — 12^.7; 
t  =  80^  F.;        .n    =       0.9. 

Per  cent,  of  cane  sugar,  96.30. 
83.  Beceired  from  New  York  custom-house^  and  marked  ^<  Im- 
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ported  in  schooner  Abisba  Jenkins,  from  St.  Croix,  September  5, 
1845,  by  Aymar  &  Co.,  10  hhds.  brown  sugar,  marked  C.Y.  Duty 
Si  cents  per  lb." 

A  light  yellow  and  very  moist  sugar;  grain  rather  poor,  and  in* 
ferior. 

6=0.25;  a    =       39^.2; 

d=  1.1004;         a'' =  —  11^.5; 
f  =81^  F.;         n    =       0.9. 

Per  cent,  of  cane  sugar  91.24. 

84.  Received  from  the  New  York  custom-house,  and  marked 
«  Imported  in  brig  Hyder  Ali,  from  St.  Croix,  September  11,  1845, 
by  Alsop  &  Chauncey,  40  hhds,  brown  sugar,  marked  MS.  Duty 
i\  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain  and  a 
bright  crystalline  appearance. 

e  =  0.25;  a    =       39^.75; 

d=  1.1035;         a"  =  —  11^.75; 
^  =  80^  F.;         n    =       0.9. 

Per  cent,  of  cane  sugar,  92.38. 

85.  Received  from  the  custom-house.  New  York,  marked  "  Im- 
ported in  schooner  Abisha  Jenkins,  from  St.  Croix,  September  5, 
1845,  by  Aymar  &  Co.,  19  hhds.  brown  sugar,  marked  H.  Duty  2^ 
cents  per  lb." 

A  light  yellow  and  quite  moist  sugar,  having  a  good  grain  and 
bright  crystalline  appearance. 

e  =0.25;  a    =       39^.6; 

d=  1.1033;         a"  =  —  12^; 
<  =  66^.3  F.;     n   =       0.9. 

Percent,  of  cane  sugar,  92.65. 

86.  Received  from  the  New  York  custom-house,  and  marked 
"Imported  in  barque  Isabella,  from  St.  Croix,  September  4,  1845, 
by  Alsop  &  Chauncey,  15  hhds  brown  sugar,  marked  HP.  Duty 
24  cents  per  lb." 

A  very  light  colored,  moist  sugar,  having  a  good  grain  and  a  very 
bright  crystalline  appearance. 

e  =  0.25;  a   =       40^.6; 

d=  1.1031;         a' =  —  12^; 
^  =  76^.5  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  94.36. 

87.  Received  from  the  custom-ho«ise,  New  York,  uiMk^A.^^  i\sx:- 


a   = 

41*. 4; 

a"=- 

-120.1; 

n    = 

0.9. 
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ported  in  brig  Elizabeth,  from  St.  Croix,  August  11,  1845,  by  Ezra 
Whitmore,  13  hhds.  sugar,  marked  AL.     Duty  2J  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  bright 
crystalline  appearance;  had  lumps  occurring  throughout. 

c  =  0.25;  o    =        39.; 

d=  1.1025;         a"  =  —  12^.6; 
t  =  66^.6  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  92.83. 

88.  Received  from  the  custom-house.  New  York,  marked  "  Im- 
ported in  the  schooner  Abisha  Jenkins,  from  St.  Croix,  September 
6,  1845,  by  Aymar  &  Co.,  5  hhds.  brown  sugar,  marked  H  A  W. 
Duty  2J  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  bright  crys- 
talline appearance. 

e  =  0.25; 
d=  1.1048; 
f  =  76^.5  F.; 

Per  cent,  of  cane  sugar,  95.82. 

Muscovado  sugar  from  Porto  Rico, 

89.  Received  from  the  Philadelphia  custom-house.  A  light  col- 
ored and  rcther  moist  sugar. 

e  =  0.25  tt   =        39^.5; 

d=  1.1007;       a"=  —  12<^.l; 
t  =  18^  C;       n    =        0.9. 

Per  cent,  of  caiie  sugar,  92.79. 

90.  Received  from  the  Philadelphia  custom-house.  A  moist  yel- 
low sugar,  having  a  rather  good  grain;  interspersed  with  lumps  of 
a  darker  color. 

e  =  0.25;  a    =       38^; 

d=  1.0964;         rt'=  —  10°. 9; 
t  =  27^  C;         71    =        0.9. 

Per  cent,  of  cane  sugar,  88.27. 

91.  Received  from  the  custom-house,  Philadelphia.  A  moist 
yellow  sugar,  of  good  grain. 

€  =  0.25;  a    =       38°. 7; 

(in=  1.0985;         tt"  =  —  10^.9; 
t  =  19°  C;         n    =        0.9. 

Per  cent,  of  cane  sugar,  89.33. 


a   = 

390.85; 

0"=^- 

-  11°. 75; 

n   = 

0.9. 
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92.  Received  from  the  Philadelphia  cusrtbm-house.     A  very  light 
•colored,  moist  sugar,  having  a  fine  grain. 

«  =  0.25;  '  .  a  =  39^.3; 
d=  1.0988;  a"  =  —12^.2; 
f  ==  19^  C;         n    =       0.9. 

Per  cent,  of  sugar  cane,  92.84. 

93.  Received  ffom  the  custom-house,  New  York,  marked  "Im- 

Eorted    in   bri^  Aldrich,  from   Porto  Rico,  September  2,  1816,  by 
'hastelain  &  Pobvert  95  hhds.  sugar;  permitted  without  mark;  26 
having  no  mark,  and  70  marked  HP;  duty  2^  cents  per  pound." 

A  dingy  yellow,  moist  sugar,  having  a  tolerable  grain,  and  a 
rather  bright  crystalline  af  pearance. 

€  =  0.25; 
J  =1.1023; 
/  =  76^  F.; 

Per  cent,  of  c^ne  sugar,  92.69. 

94.  Received  from  the  custom-house.  New  York,  marked  ^^  Im- 

forted    in   the   brig   Aldrich,   from   Porto   Rico,  by  Chastelain   & 
onvert,  7  hhds    brown  sugar;  permitted  without   mark;  duty  2^ 
cents  per  pound." 

A  deep  yellow,  moist  sugar,  having  a  tolerable  grain  and  crys- 
talline appearance.  ^ 

6  =  0.25;  a    -=       40^.9; 

J=  1.1052;         a''  =  — 12^.9; 
/  =  65^.5  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  96.45. 

95.  Received  from  the  custom-house.  New  York,  and  marked 
^'Imported  in  brig  Altkich,  from  Porto- Rico,  by  Benjamin  De 
Korest  &  Co.,  17  hhds.  Drown  sugar,  marked  HC.  August  29, 1845. 
Duty  2^  cents  per  pi^und." 

A  dull,  grayish  yellow,  moist  sugar,  having  an  inferior  grain. 

6  =  0.25;  a    =        38^.7; 

d=  1.1042;         a"=  — 11^.2; 
f  =  76^  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  89.46. 

96.  Received  from  the  custom-house.  New  York,  marked  "Ira- 
ported  in  brig  Aldrich,  from*Porto  Rico,  September  2,  1845,  by 
Chastelain  &  Pohvert,  95  hhds.  brown  sugar;  permitted  without 
mark;  75  were  marked  IIP;  duty  2^  cents  per  pound." 

24  ^ 
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A  dingy  yellow  sugar,  having  a  rather  good  grain  and  crystal- 
line appearance.  . 

e  =  0.25;  a   =       5T; 

d=  1.1006;         o"=— 10^.35; 
;   ^=660F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  85.05. 

Muscovado  sugar  from  Ponce j  Porto  Mico. 

97.  Received  from  the  Philadelphia  custom-house,  and  marked 
'^  Brown  sugar,  in  hhds.,  per  schooner  Caroline,  from  Ponce,  P. 
R.  Consigned  to  John  Latour  &  Co.;  marked  S  A.  September  2, 
1845. 

Color  light  brown;  flavor  delicate;  grain  most,  but  strong. 

e  =  0.25;  a   =       40^; 

d=  1.1008;         a"  =—12°; 
^=23°C.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  93.48. 

98.  Received  from  the  Philadelphia  custom- house,  marked  ^^Sam- 
ple  of  brown  sugar,  in  hhds.,  per  the  schooner  Caroline,  from 
Ponce,  P.  R.  Consigned  to  John  Latour  &  Co.;  marked  Q.  Sep- 
tember 2,  1845.'' 

A  light  yellow,  moist,  strong  grained  sugar. 

e  =  0.25;  a   =       39^.8; 

d=  1   101;  a'  =  —  13^.2; 

^  =  26°  C;         n    =        0.9. 

Per  cen{.  of  cane  sugar,  95.46. 

99.  Received  from  the  Philadelphia  custom-house  marked  ^'Sam- 
ple of  sugar  in  hhds.,  per  brig  Sidney,  from  Ponce,  P.  R.  Con- 
signed to  Soutter  &  Broughton;  mark,  F.  S.     September  10,  1845." 

A  moist,  brownish  yellow,  strong  grained  sugar;  gritty  between 
the  fingers. 

e  =  0.25;  a   =       40^.1; 

d=  1.1024;         a"=  — 11<^.4; 
f  =  75^.5  P.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  92.43. 

100.  Received  from  the  Philadelphia  custom-house,  marked 
"Sample  of  sugar,  in  hhds  ,  per  the  brig  Sidney,  from  Ponce,  P. 
R,  Consigned  to  Soutter  &  Broughton;  mark  *  Puente  Bajoza^  Z. 
September  10,  1845." 

A  moist,  brownish  yellow,  strong  grained  sugar. 
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«  =  0.35;  a  =       38<».l; 

d=  1.0981;         a'' =  —10^.4; 
f  =;750  F.;         n   =        0.9, 

Per  cent,  of  came  sugar,  87.27. 

101.  Received  from  the  Philadelphia  cusiom-house,  and  marked 
'^  Saniple  of  brown  sugar,  in  hhds.,  per  the  schooner  Caroline, 
from  Ponce,  P.  R.  Consigned  to  John  Latbur  &  Co.;  marked  V. 
September  2,  1845." 

A  moist,  light  brown  sugar,  having  a  good  grain. 

c  =  0.25;  a    =        38^.9; 

(1=1.1006;         a"  =  —  11°. 2; 
f  =  75^.7  F.;      71    =       0.9 

Per  cent,  of  cane  sugar,  90.03.    . 

102.  Received  from  the  Philadelphia  custom-house,  and  marked 
'^Sample  of  sugar,  in  hhds.,  per  the  brig  Sidney,  Ponce,  P.  R. 
Consigned  to  Soutter  &  Broughton;  mark,  C.  September  JO,  1815.'' 

A  brownish  yellow,  moist  sugar,  having  a  tolerable  grain. 

«=:0.25;  a    ==        38^.7; 

d=  1.0997;         a''.  =  —100.8; 
^  =  77^.5  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  88.95. 

103.  Received  from  the  Philadelphia  custom-house,  and  marked 
^^Sample  of  brown  sugar,  in. hhds.,  per  schooner  Caroline,  from 
Ponce,  P.  H.  Consigned  to  John  Latour  &  Co.;  marked  ^^,  L. 
Quempdo.^     September  2,  1845." 

A  light  brown,  moist  sugar;  grain  good;  gritty  between  the 
fingers. 

6  =  0.25;  a   =       39^;   .  , 

d=  1.0982;         a''  =  — 11°; 
^=78°  F.;         n  =      0.9. 

Per  cent,  of  cane  sugar,  90. 

104.  Received  from  the  New  York  custom-house,  and  marked 
''Imported  in  brig  Overman,  from  Ponce,  P.  R.,  August  16,  1845. 
by  P.  Harmony  &  Co.,  35  hhds.  sugar,  marked  [Quemado,  A.  L  J 
Duty  2^  cents  per  pound." 

A  light  yellow,  slightly  moist  sugar;  grain  good. 

e  =  0.25;  a  =     40^; 

d.=  1.1023;         a"  =  — 1P.2;    . 
^=79°F.;  n   =       0.9. 

Per  cent,  of  cane  sugar^  91  .SS, 
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105.  Received  from  the  New  York  custom-housej  and  marked, 
"Ipported  in  brig  L'Orient,  from  Ponce,  P.  R.,  September  5,  1845; 
by  Howland  &  AspinVral,  48  bhds.  brown  sugar,  marked  Silvester 
So(aSj  PoncCy  P.  R.     Duty  2J  cents  per  pound." 

A  light  yellow,  quite  dry  sugar;  grain  good. 

e=ja.25;  a   =       41°; 

d=1.1035;         a"  =  — 11°.3; 
^=82^5  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  93.70. 

106.  Received  from  the  New  York  custom-house,  marked   "Im- 

Eorted  in  brig  Overman,  from  Ponce,  P.  R,  August  16,  1845,  by  P. 
[armony.  Nephews  &  Co.,  17  hhds.  sugar,  marked  M.  P.  R.    Duty 
2J  cents  per  pound." 

A  ligLt  yellow,  moist  sugar;  grain  rather  good. 

6=0.25;  a  =      38^4; 

d  =  1.101;       *    a''  =  — 10°.7; 
t=lT.5  F.;      n  =      0.9. 

,   Per  cent,  of  cane  sugar,  88.31. 

107.  Received  from  the  custom-house.  New  York,  marked  ^^Ira- 
ported  in  the  brig  L'Orient,  from  Ponce,  P.  R.  September  5,  1845, 
by  H.  Southmayd  &  Son,  85  hhds.  brown  sugar,  marked  Fortunm. 
Duty  2^  cents  per  pound." 

A  yellow-colored,  moist  sugar,  with  a  tolerable  grain. 

e  =0.25;  a   —      40^.65; 

(/=  1.1054;         a"  =  — 12^.55; 
^=62°. 7  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  95.37. 

108.  Received  from  the  custom-house,  New  York,  marked  "Im- 
ported in  the  brig  L'Orient,  from  Ponce,  P.  R.,  September  5,  1845, 
by  Howland  &  Aspinwal,  70  hhds.  brown  sugar,  marked  £.  Duty 
2|  cents  per  pound." 

A  light-yellow,  moist  sugar,  having  only  a  tolerable  grain,  and  a 
rather  bright  crystalline  appearance. 

e  =0.25;  a  =       38°; 

d=  1.1037;         a"  =  —12^.68. 
/==  62^.8  F.;      91  =      0.9. 

Per  cent,  of  cane  sugar,  91.1. 

\  109.  Received  from   the   New  York   custom-house  and   marked 
^Jinpoited    in   biig   L'Or'ienl,  Itom  Yow^^^  P.  R.^  September  5, 
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1845,  by  Howland  &  Aspinwal,  17  hhds.  brown  sugar,  marked  M.. 
Y.  G.  Duty  2i  cents  per  lb." 

A  light  yellow,  moist  sugar;  grain  rather  inferior,  and  appear*^ 
ance  dull.  / 

c=0.25;  o   =      A9°.6; 

.    J  =  1.103;  a"=— 15°.7; 

t  =81^.5  F.       n  =      0.9. 

Per  cent,  of  cane  sugar,  92. 

110.  Rectived  from  the  custom-house,  New  York,  and  marked 
"Imported  in  brig  Overman,  from  Ponce,  P.  R.,  August  26,  1846, 
by  P.  Harmony  &  Co.,  14  hhds.,  marked  Perseverancicy  L.  C. 
Duty  2J  cents  per  lb." 

A  light  dull  yellow,  moist  sugaf,  having  only  a  tolerable  grain, 
and  rather  crystalline  appearance. 

c=0.25;  a  =     *40°; 

d=1.1071;         a"=«_12^.1; 
^=62'"  F.;        n  =      0.8. 

Per  cent,  of  cane  sugar,  93.18. 

*  111.  Received  from  the  custom-house,  Baltimore,  and  marked 
"Schooner  Hope,  Ponce,  P.  R.,  September  3,  1845;  17  hhds.,  B.; 
to  Withington  &  Easiman." 

A  dingy  yellow,  moist  sugar,  having  a  good  grain,  and  a  crys- 
talline appearance. 

e'=r  0.26;  a   =       39°; 

d=  1.1021;         a"=  —  12^4; 
t  =  65^.2  F.;     n  =        0.9. 

Per  cent,  of  cane  sugar,  92.43. 

112.  Received  from  the  custom-house,  Baltimore,  and  marked 
"Schooner  Wm.  Allen,  Ponce;  13  hhds.,  *  J5a6e//a;'  to  Kirkland, 

^Chase  &  Co.     September  24,  1845." 

A  yellow,  moist  sugar,  having  a  rather  good  grain,  and  a  crys- 
talline appearance. 

e  =  026;  a  =       38^7; 

d=  1.1089;         a"=  —  11^3; 
^  =  6'7^.  F;;       n   =       0.9; 

Per  cent,  of  cane  sugar,  89.19. 

113.  Received  from  the  custom-house,  Baltimore,  and  marked 
"Schooner  Hope,  Ponce,  P.  R.,  September  3,  1845;  16  bbls.,  P. 
M.;  to  Withington  &  Eastman." 

A  deep  yellow,  moist  sugar,  having  a  good  grain,  and  a  rather 
crystalline  appearance. 
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e  =  0.25;  a   =       36^.7; 

d=  1.101;  a"=—  WA; 

/  =  58^.9  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  86.54.  ; 

114.  Reeeived  from  ^le  custom-house,  Baltimore,  and  marked 
^«  Schooner  Hope,  Ponce,  P.  R.,  September  3,  1845;  34  hhds.,  J. 
H.  C;  to  Withington  &  Eastman." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

e  =0.25;  a  =       36^.8; 

d=  1.1012;  a' =  —  11.15; 

^  =  58^  F.;        n  =       0.9. 

Per  cent,  of  cane  sugar,  86.26. 


Muscovado  sugar  from  Mayagwz^  P,  R. 

115.  Received  from  the  Philadelphia  custom-house,  and  marked 
"Sample  of  sugar  from  Mayaguez,  per  schooner  Nonpareil,  Cap- 
tain Homer.  Consigned  to  Mason  &  Kirkland.  Marked  G.,  11 
hogsheads. 

A  jellow,  moist  sugar,  of  a  good  grain;  gritty  between  the  fin- 
gers. 

e  =  0  25;  a   =        40^.7; 

d=  1  100;  a"=  —  11^; 

t  =82^  F.;         n  =        0.9. 

Per  cent,  of  cane  sugar,  92  85. 

116.  Received  from  the  custom-house,  New  York,  and  markjed 
"  Jmported  in  brig  Port  Leon,  from  Mayaguez,  P.  R.,  September 
22,  1846,  by  J.  W.  Cudbert,5  hhds.  of  sugar,  marked  B.  Duty  2i 
cents  per  pound. ^' 

A  moist,  light  yellow  sugar,  having  a  rather  good  grain;  tolera- 
bly gritty  between  the  fingers. 

6  =  025;  a   =        40°; 

d=  1.1006;  a"=—  11°. 3; 

t  =  8i°.5  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  92.15. 

117.  Received  from  the  custom-house.  New  York,  and  marked 
"Imported  in  brig  Port  Leon,  from  Mayaguez,  P.  R.,  September 
22,  1845,  by  J.  W.  Cudbert,  10  hhds.  brown  sugar,  mar^ced  Ro- 
sello.     Duty  2J  cents  per  lb." 

A  yellowish  white  sugar,  quite  moist,  and  having  a  rather  infe- 
rior  grain. 
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e==0.25;  a  =       39°.?/ 

d=  1.1003;         a''=  — 11^.2; 
/  =  82^.5  F.;      n=       0.9. 

Per  cent,  of  cane  sugar,  91. 6S. 

118.  Received  -  from « the  New  York  custom-house,  and.  marked 
^'Barque  Texidor,  Clark,  master,  from  Mayaguez,  P.  R.,  arrived 
September  6,  1845;  152  bhds.  brown  sugar,  imported  by  Maitland, 
Comrie  &  Co.;  duty  2^  cents  per  pound." 

A  light  yellow,  slightly. moist  sugar,  of  a  rather  good  grain. 

6  =0.25;  a  =       39^.8; 

d  =  1.1031;         a''  =  —  11^.25, 
t  =77^.5  F.;    n  =       0.9. 

Per  cent,  of  cane  sugar,  91.52. 

119.  Received  from  the  custom-house,  New  York,  marked  ^^  im* 
ported  in  the  schooner  Tuscarora,  from  Mayaguez,  P.  R.,  Septem- 
ber 8,  1845,  by  Mason  &  Thompson,  22  tierces  brown  sugar, 
marked  A;  duty  2j^  cents  per  pound." 

A  light  yellow  sugar,  of  a  dull  appearance,  and  having  an  infe- 
rior grain. 

6  =  0.25;  a  =/      40M; 

,         d=  1.1044;        .a"  =  — 12°.34; 
t  =  61^.2  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  94.1. 

120.  Received  from  the  custom  house.  New  York,  marked  "Im- 
ported in  schooner  Tuscarora,  from  Mayaguez,  P.  R.,  September  8, 
1845,  by  Mason  &  Thompson,  10  hhds.  brown  sugar,  marked  Jo- 
sef a;   duty  2 J  cents  per  pound." 

A  little  yellow,  moist  sugar,  having  a  rather  good  grain  and 
bright  crystalline  appearance. 

^6  =  0.25;  a   —     gtl""; 

d=  1.1057;         a"  =  —  12^.3; 
^  =  60^.8;  n    =       0.9. 

Per  cent,  of  cane  sugar,  95.39. 

121.  Received  from  the  New  York  custom-house,  and  marked 
"Imported  in  the  schooner  Tuscarora,  from  Mayaguez,  P.  R., 
Septembers,  1845,  by  Mason  &  Thompson,  21  hhds.  brown  sugar, 
marked  C." 

A  light  yellow  moist  sugar;  grain  tolerable,  and  a  rather  bright 
rrystalline  appearance. 

C  =  0.25;      .         a    =        41^.?; 
d=  1.109;  «"=  —  12^.; 

t  =7o^  F.;         n    =        0.9. 
Per  cent  of  cane  sugar,  94.95. 
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122.  Received  from  the  custom-house,  New  York,  marked  ^^  Im« 

{orted  in  the  schooner  Tuscarora,  from  Mayaguez,  P.  R.,  Septem- 
er  8,  1845,  by  Mason  &  Thompson,  43  hhd«.  brown  sugar,  marked 
MB;  duty  2\   cents  per  pound." 

A  rather  deep  yellow,  moist  sugar,  having  only  a  tolerable  grain, 
and  crystalline  appearance. 

€  =  0.25;  a    =       38^.5; 

d=  1.1042:         a"=  — 11^.5; 
^  =  60^.5  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  8^.66. 

123.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  88  hhds.  bro\j^n  sugar,  imported  into  Boston,  from  Mayaguez,  in 
the  brig  Archelaus,  by  Crocker  &  Sturgis,  August  28,  1845;  duty  2^ 
cents  per  pound." 

.  A  light  yellow,   moist   sugar,  having  a   tolerable  grain,  and   a 
rather  bright  crystalline  appearance. 

6  =  0.25;  '  a   =        39^7; 

d  =  1 .  10475;       a"  =  —  12°.44; 
/  =  64°.3  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  93.48. 

124. ^Received  from  the  custom-house,  Boston,  marked  "Sample 
of  132  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez, 
in  the  barque  Ed.  Kippoch,  by  Robert  Bailey,  September  4,  1845; 
Juty  2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  tolerable  grain,  and  rather 
Wight  crystalline  appearance. 

e  =  0.25;  a   =        39^.7; 

d=  1.1042;         a"=  —  12°.  33; 
^  =  64^.9  n   =       0.9. 

Per  cent,  of  cane  sugA,  93.36. 

125.  Received  from  the  Boston  custom-house,  and  marked  "  Sam- 
ple of  41   hhds.   brown    sugar,   imported   into  Boston  from  Maya- 
Juez,  in  the  brig  Archelaus,  by  Crocker  &  Sturgis,  August  38, 1845; 
oty  2^  cents  per  pound." 

A  yellow,  moist  sugar,  of  a  tolerable  grain;  rather  bright  crys- 
tftlline  appearance. 

€  =  0.25;  a    =        38°. 7; 

d=  1.1048;         a''  =  —  10^.6; 
^==85°F.;         71    =       0.9. 

Per  cent,  of  cane  sugar,  88. 
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126.  Receiyed  from  the  custom-house,  Boston,  marked  ^'  Sample 
of  9  hhds.  of  brown  sugar^  imported  into  Boston  from  MayagueZy 
in  the  barque  £d.  Eippoch,  by  Robert  Bailey,  September  4,  1845; 
daty  2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and 
bright  crystalline  appearance. 

e  =  0.25;  a   —       39°. 67; 

d=  1.1045;         a"=—  11°. 2; 
^  =  64^.9  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  91.14.        ^ 

127.  Received  fH)m  the  custom-house,  Boston,  marked  *^  Sample 
of  2^  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez,  in 
the  barque  £d.  Kippoch,  by  Robert  Bailey,  September  4,  1845;. 
duty  2^  cents  per  pound." 

'    A  light  yellow,   most  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

6  =  0.25;  a    =        39°.  3; 

dz=  1.103;  o"=  —  11°. 2; 

^=67°F.;  n    =       0.9. 

Per  cent,  of  cane  sugar,  90.21. 

128.  Received  from  the  custom-house,  Boston,  marked  ^'  Sample 
of  53  hhds.  brown  sugar,  imported  into  Boston  from  Mayap;uez,  in 
the  barque  Ed.  Kippoch,  by  Robert  Bailey,  September  4,  1845; 
doty  2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance.  * 

e  =  0.25;  a    =       40°. 48; 

d=  1.1026;         a"=—  12°. 62; 
t=  69°. 3  P.;      n    =       0.9. 

Per  cent,  of  cane  sugar,  95.36. 

129.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  21  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez  in 
the  barque  Ed.  Kippoch,  by  Robert  Bailey,  September  4,  1845;. 
duty  2\  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and  a 
bright  crystalline  appearance. 

6  =  0.25;  a    =       38°.4; 

d=  1.0993;         a"  =  —  11°; 
/  =  83°F.;         n   =       0.9. 

Per  cent  of  cane  sugar,  88.88. 

130.  Received  from  the  «ustom-house,  Boston,  marked  "  S^^ia^U 
of  SO  bogsbefids  of  brown  sugar,  imported  into  Bosl^ti  Iwrn^^-vj^r 


[  50  ]  378 

guezy  in  the  barque  Ed.   Kippoch,  by  Robert  Bailey^  September  4, 
I8463  duty  2^  cents  per  pound." 

A  bright  yellow,  moist  sugar,  having  s^  very  good  grain  for  m«M- 
covado,  and  a  bright  crystalline  appearance. 

e  =  0.25;  a    =       37^42; 

d  =  1.0996;       a"  =  —  11^.38; 
t  =7P.8  F.;    n    =.       0.9. 

Per  cent,  of  cane  sugar,  87.85. 

131.  Received  from  the  cutltom-house,  Boston,  marked  ^'  Sample 
of  44  hogsheads  of  brown  sugar,  imported  into  Boston  from  Maya- 
guez,  in  the  barque  £d.  Kippoch,  by  Robert  Bailey,  September  4, 
1845;  duty  2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

c  =  0.25;  a    =       39*' .4; 

d=  1.1055;         a"  =  —  12^.3; 
t  =65''.6  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  92.71. 

132.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  17  hogsheads  of  brown  sugar,  imported  from  Mayaguez,  in  the 
barque  Ed.  Kippoch,  by  Robert  Bailey,  September  4,  1845;  duty 
2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  only  a  tolerable  grain;  crys- 
tals small. 

c  =  025;  a   =       40^.54; 

d=  1.1041;      •  a'^  =  —  11^.5; 
t  =  65^.2  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  93.20. 

133.  Received  from  the  custom-house,  Baltimore,  marked 
"  Schooner  Gallant  Mary,  Mayaguez,  P.  R.,  August  28,  1845,  M.; 
to  Kirkland,  Chase  &  Co." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and 
bright  crystalline  appearance;  large  lumps  of  a  dark  color  occur- 
ring frequently. 

e  —  0.25;  a   =       38^.4; 

d=  1.1030;        0"  =  —  10^.5; 
t  =  65^.2  F.;     n   =        0.9. 

Per  cent,  of  cane  sugar,  87.55. 

134.  Received  from  the  rustom-house,  Baltimore,  marked 
^^  Schooner  Gallant  Mary,  Mayaguez,  P.  R.,  August  28,  1845,  *Jo- 
sepu;    *c  Kirkland,  Chase  &  Co." 

A  light  yellow,  slightb^  moist  sugar,  having  a  good  grain,  and  a 
bright  crystalliRe  appearance. 
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e  =  0.25;  a  =       38^8; 

d=  1.1064,;        o"  =  — 110.3. 


*/> 


a 

• 

38°.8; 

a" 

— — 

— 12«'; 

n 

— 

0.0. 

t  =  63^.8  F.;     n  =       0.9. 
Per  eent.'of  cane  sugar,  89.66. 

135.  R-eceiyed  from  the  custom- house,  Baltimore,  marked  ^^  Brig 
Waterwitch,  Mayaguez,  Dukty^  46  hogsheads,  to  Kirkland,  Chase, 
&  Co.;  September  19,  1845.?' 

A  light  yellow,  very  moist  sugar,  having  a  tolerable  grain,  and  a 
bright  crystalline  appearance.' 

e  =  0.25; 
d=  1.1014; 
t  =68^7  F.; 

Per  cent,  of  cane  sugar,  91.43. 

136.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Waterwitch,  from  Mayaguez,  ^J^Tadalj^  45  hogsheads,  to  Kirkland, 
Chase  &  Co.;  September  19,  1845." 

A  light  yellow,  and  very  moist  sugar, having  a  rather  good  grain, 
and  a  bright  crystalline  appearance. 

e=0.25;  a=       38^.1; 

d  =  1.10275.      a'' =  —  11^.1; 
t  =67^  F.;         n==        0.9. 

Per  cent,  of  cane  sugar,  88.27. 

137.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Waterwitch,  from  Mayaguez,  Amistad  TD^  36  hogsheads,  to  Kirk- 
land, Chase  &  Co.;  September  19,  1845." 

A  very  light  yellow,  moist  sugar,  having  a  rather  good  grain, 
and  a  bright  crystalline  appearaace. 

6  =  0.25;  a=        39^8; 

d=.  1.1071;        o"=  —  11^.7; 
/  =51^.6  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  92.09. 

138.  Received  from  the  custom-house,  Baltimore,  marked  ^'  Brig^ 
Waterwitch,  Mayaguez,  P.  R.,  V,  9  hhds.,  to  Kirkland,  Chase  Sc 
Co.;  September  19,  1845." 

A  light- colored,  moist  sugar,  having  a  very  good  grain,  and  a 
bright  crystalline  appearance. 

€=0.75;  a=       40^; 

d=  1.1067;       a"  =—  12^.4; 
f  =  65^.2  F.;     nz=z       0.9. 

Per  cent,  of  cane  sugar,  93.73. 

139.  Received  from  the  custom-house.  New  York,  irarked  "  Im- 
ported in  brig   Port   Leon,  from   Mayaeuez,  P.  R..    September  22, 
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1846,  by  J.  W.  Cudbert,  10  hbds.  brown  sugar,  marked  RM;  duty 
2^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  tolerable  grain,  with  smaU 
hard  lumps  occurring  frequently. 

e  =  0.25;  a  =       37°.5; 

d  =  1.1009;       a"  =  —  9^.9; 
^  =  65^.8  F.;     n=       0.9. 

Per  cent,  of  cane  sugar,  85. 


Muscovado  sugar  from  Guayama^  P.  R. 

140.  Received  from  the  New  York  custom-house,  and  marked 
"  Brig  Wallace,  from  Guayama,  P.  R.;  arrived  September  3,  1845, 
marked  Enrequeia,  Guayama^  AH;  122  hhds.  brown^ugar,  imported 
by  B.  DeForest  &  Co.;  duty  2J  cents  per  pound." 

A  deep  yellow,  moist  sugar;  grain  good,  an^  gritty. 

6=0.25;  a   =      40°; 

,  d  =  1.1017;        a"  =— ll°.l; 

t  =80°  F.;        n   =      0.9. 

Per  cent,  of  cane  sugar,  91.64. 

141.  Received  from  the  New  York  custom-house,  and  marked 
"  Imported  in  brig  Ansonia,  from  Guayama,  P.  R.,  September  6, 
1845,  by  Chastelain  &  Ponvert,  145  hhds.  brown  sugar;  duty  2\ 
cents  per  pound." 

A  dull  yellowish-white,  moist  sugar,  of  an  inferior  grain;  lumps 
of  pasty  sugar  occurring  in  it. 

e  =  0.25;  a    =      38^.2; 

d  =  1.1001;        a"  =  —  11°; 
t  =79°  F.,        n    =      0.9. 

Per  cent.' of  cane  sugar,  88.48. 

142.  Received  from  the  custom-house.  New  York,  and  marked 
"Brig  Wallace,  from  Guayama,  P.  R.;  arrived  September  3,  1845; 
SJV,  13  bbls.  brown  sugar;  H'^  Concordia  Guayama^  P.  /?.,  7  hhds. 
brown  sugar,  imported  by  G.  Wheelwright;  duty  2^  cents  per 
pound." 

A  deep  bright  yellow,  moist  sugar;  grain  good. 

e  =0.25;  a    =      40M; 

(i  =  1.1030;        a"  =  — 11^.2; 
t  =  82^5;  n  =       0.9.  ^ 

Per  cent,  of  cane  sugar,  91.92. 

143.  Received  from  the  custom-house,  New  York,  and  marked 
^^ Imported  in  brig  Russia,  from  Guayama,  P.  R.,  August  28,  1845, 
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by  J.  B.  Lasala  &   Co.,  33  bhds.  sugar,  marked  C;  duty  24  cents 
per  pound.'/ 

A  deep  yellow,  moist  sugar,  of  good  grain. ,. 

e  =0  25;  a   =     .^^1; 

d  =  1.1045;         a"  =—11^.6; 
t  =  86^.5  F.;      n   =      0.9. 

Per  cent,  of  cane  sugar,  94.42. 

144.  Received  from  the  New  York  custom-house,  and-  marked 
^'Imported  in  brig  Russia,  from  Guayama,  P.  R.,  August  28,  1845, 
by  J.  B.  Lasala  &  Co.,  32  hhds.  brown  sugar,  marked  HRP;  dufty 
2|  cents  per  pound. '^ 

A  light  yellow  moist  sugar,  having  a  rather  hard  grain;  crystal- 
line appearance  somewhat  dull. 

«  =  0.25  fl  =       39^.6; 

d=  1.1005;      a'f  =—  ll^; 
/  =  83^  F.;       n  =      0.9. 

Per  cent,  of  cane  sugar,  90  95. 

145.  Received  from  the  custom-house,  New  York,  marked,  ^^Im- 

Jorted  in  brig  Russia,  from   Guayama^  P.  R.,  August  28,  1845,  by* 
.  B.  Lasala  &  Co.,  35  hhds.  sugar,  marked  Monserrati,     Duty  2| 
cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  rather 
bright  crystalline  appearance. 

e  =  0.25  a  =       39^.6; 

d=  1.1041;      a"—       11^.95; 
-  t  =66^.4  f;   n  =       0.9. 

Per  cent,  of  cane  sugar,  92.43. 

146.  Received  from  the  custom-house.  New  York,  marked  "  Im- 
ported in  brig  Ansonia,  from  Guayama^  P.  R.,  September  6,  1845, 
by  Benjamin  DeForest  &  Co.,  11  hhds.  sugar,  jaarked  DFXC. 
Duty  2J  cents  per  lb."  * 

A  dull  yellow,  very  moist  sugar,  having  an  inferior  grain  and  a 
pasty,  mealy  feeling  when  rubbed  between  the  fingers;  slight  and 
dull  crystalline  appearance. 

e  =  0  25;  a  =      38^.2; 

d=  1  1035;      a"  =—12^.7; 
t  =66^.4  F.;    n  =       0.9. 

Per  cent,  of  cane  sugar,  91.52. 

147.  Received  from  the  New  York  custom-house,  and  marked 
**Brig  Wallace,  from  Guayama,  P.  R.;  arrived  September  3,  1845; 
14  hhds.  brown  sugar;  imported  by  Chastelain  &  Ponvert.  Duty 
2J  cents  per  lb." 

A  deep  yellow,  moist  sugar,  having  a  tolerable  grain  and  crys- 
talline appearance. 
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«=0.26;  a=       Sg^.S; 

rf=  1.1016;       a"  =  —l(lP.9; 
<  =84<*  F.}        n=       0.9. 

Per  cent,  of  cane  sugar,  90.90. 

148.  Received  from  the  New  York  custom-kouse,  and  marked 
«  Imported  in  brig  Ansonia,  from  Guayama,  P.  R.,  September  6, 
1845,  by  Chastelain  &  Ponvert,  19  barrels  sugar.  Duty  2A  cents 
per  lb." 

Rather  dark  yellow  and  rery  moist  sugar,  of  an  inferior  grain; 
appearance  crystalline. 

c  =  0.25;  0=      ae^.ij 

d  .■=  1.095;         o"  =  —  12.9; 
t  ==550.8  F.;     n=      0.9. 

Per  cent,  of  cane  sugar,  88.90. 

Muscovado  sugar  from  Guayanilla. 

149.  Received  from  the   New  York   custom-house,  and   marked 
,^'  Imported  in  brig  Betsey  and   Jane,  from  Guayanilla,  September 

10,  1845, by  MaitIand,Comrie  &  Co.,  22  hhds.  brown  sugar,  marked 
L.     Duty  2\  cents  per  lb." 

€  =^  0.25;  a  =       39«.38; 

d=  1.1023;        a"  =—  12^.4; 
t  =60^6  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  93.12. 

150.  Received  from  the  custom-hcmse,  New  York,  marked  "  Im- 
ported in  brig  Betsey  and  Jane  from  Guayanilla,  September  10, 
1S45,  by  Maitland,  Comrie  &  Co.,  95  hhds.  brown  sugar,  marked 
MS.     Duty  2i  cents  per  lb. 

A  deep  yellow,  moist  sugar,  having  a  good  grain  and  large  crys- 
tals. • 

«  =  0.25;  a    =       38^15; 

d=  1.105;  a"=—  11*^.6; 

t  =60^  F.;  n   =       0.9. 

Per  cent,  of  cane  sugar,  89.17. 

151.  Received  from  the  custom-house,  New  York,  marked  ^*  Im- 
ported in  brig  Betsey  and  Jane,  from  Guayanilla,  September  10, 
1845,  by  Maitland,  Comrie  jk  Co.,  47  bbls.  brown  sugar  marked 
YH.     Duty  21  cents  per  lb." 

A  dull  yellow,  moist  sugar,  having  only  a  tolerable  grain. 


6  =  0.25; 

a    =       39°. 7; 

d=  1.1095; 

o"=— 12*'; 

t  =690F.; 

n   =       0.9. 

Per  cent,  of  cane  sugax^  92  .W, 
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152.  Received  (torn  the  New  York  custom-house,  and  marked 
<<  Imported  in  bri^  Betsey  and  Jane,  from  Crjayanilla,  September 
10,  1846,  by  Maitland,  Comrie  &  Co.,  17  hhds.  brown  sugar^ 
marked  M.     Duty  2^  cents  per  lb." 

A  dull  yellow  and  very  n\oist  sugar,  havine  a  tolerable  grain 
and   a   crystaline  appearance;  lumps  of  a  darker   color  occurring 

IB  it. 

e  =  0.25;  a    =       38^.5; 

d=  1.0991;         a"  =  —10^.8; 
f  =76^.1;  n    =       0.9. 

Per  cent,  of  cane  sugar,  88.71. 


Muscevado  sugar  from  Artcibo^  P.  R. 

153.  Received  from  the  custom-house.  New  York,  marked  "  Ar- 
fiTed  August  4,  1845;  samples  of  brown  sugar,  per  brig  Margaretta, 
frtm  Arecibo,  P.  R.     Imported  by  F.  S.  Schlesinger." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain  and  a 
rather  bright  crystalline  appearance. 

«=  0.25;  a    =       41^.1; 

'     d  =  1.102;  a"  =—11^.7; 

t  =80^  F;  n   =       0,9. 

Per  cent,  of  cane  sugar,  94  74. 

154.  Received  from  the  custom-house,  Baltimore,  marked  ^'  Brig 
Commerce,  Arecibo,  HL,  29  hhds.,  to  William  Howell  Tk  Son, 
September  13,  1845."  -  • 

A  very  light  yellow,  quite  dry  sugar,  having  a  bright  crystalline 
appearance  and  a  very  good  grain. 

e  =  0.25;  a    =       40^.1; 

d=  1.1032;         a"t—  11^.6; 
t  =71^;  n  =        0.9. 

Per  cent,  of  cane  sugar,  92.69. 

155.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Commerce,  Arecibo,  ^  Puente  Bagasa.^  To  Wm.  Howell  &  Son. 
September  13,  1845." 

A  light  yellow,  moist  sugar,  having  a  very  good  grain  and  a 
bright  crystalline  appearance. 

6  =  0.25  a    =       39<>.4; 

d=  1.101;         a''=—  11^; 
t  =72^.4  F.;n    =       0.9. 

Per  cent,  of  cane  sugar,  90.49.  ^« 
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156.  Received  fronkthe  custom-house,  Baltimere,  marked  ^^  Brig 
Commerce,  Arecibo,  HABRA^  11  hhds.;  H'bwell  &  Son.  Septem- 
ber 13,  1845." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  bright 
crystalline  appearance. 

6  =0.25;  a    =        38^; 

d=  1.101;  a"=—  11^.6; 

t  =64^.6  F.;      n   =        0.9, 

Per  cent,  of  cane  sugar,  89.21. 

157.  Received  from  the  custom-house,  Baltimore,  marked  **  Brig 
Commerce,  Arecibo,  SB,  9  hbds.,to  Wm.  Howell  &  Son.  Septem- 
ber 13,  1845." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  bright 
crystalline  appearance. 

e  =  0.25;  a    =       37^.5; 

d  =  1.1005;         fl"  =  _lio.8; 
t  =63^.6  F.;     n   =       0.9. 

Per* cent,  of  cane  sugar,  88.83. 

158.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Frances  Jane,  Arecibo,  ^  Esperanzay^  to  Kirkland,  Chase  &  Co. 
August  18,  1845. 

A  light  yellow,  rather  dry  sugar,  having  a  very  good  grain  and 
a  bright  crystalline  appearance. 

e  =  0.25;  a    =       41^.2^ 

d=  1.1064;         a"=  —  11^.9; 
t  =68^  F.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  94.98. 

159.  Received  from  the  ^flaltimore  custom-house,  and  marked 
^*  Brig  Commence,  from  Arecibo,  St.  Francisco,  30  hhds.  Wm. 
Howell  &  Son.     September  13,  1845." 

A  very  light  yellow,  moist  sugar,  having  a  good  grain  and  a 
bright  crystalline  appearance. 

e  =  0.25;  a    =       40^.3; 

d=  1.10;i2;  a"  =  —  11^.5; 

t  =75^.4  F.;     n    =        0.9. 

Per  cent,  of  cane  sugmr,  92.96. 

160.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Commerce,. Arecibo,  P.  R.,  September  13,1845,23  hhds.,  HC.  To 
Wm.  ttowell  &  Son." 


/T* 


385  [  50  ] 


A  dingy  yellow,  rather  dry  sugar,  having  a  good  grain  and  a  crys- 
talliae  appearance. 

e  =0.26;  '  a  =  38^7; 
rf  =  l  1071;  a"=— ir  6; 
t  =  52^.6  F.;      n  =     0.9. 

Per  cent    of  cane  sugar,  89.76. 

161.  Received  from  the.  Baltimore  custom-house,  and  marked. 
**  Brig  Commerce,  from  Arecibo,  P.  R.— ASA,  4  hhds.  To  Wil- 
liam Howell  &  Son.     September.  13,  1845." 

A  light  yellow,  and  quite  dry  sugar,  having  a  good  grain,  and\ 
rather  bright  crystalline  appearance;  lumps  of  a  harder  grain  oc- 
curring frequently. 

e  =  0.25;  a  =       39^.5; 

d=  1.1007;         a"  =  -rll''.l; 
t  =  76°  F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  90.85. 

162.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Commerce,  Arecibo,  P.  R.  *  Monte  Grande^^  17  hhds.  Wm.  How- 
ell &  Son.     September  13,  1845." 

A  yellow,  moist  sugar,  having  a  rather  good  grain  and  a  crystal- 
line appearance. 

c  =  0.25;  a   =       38°; 

d=  1.0997;  a"  =  — 10®9; 

^  ==  80^  F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  87 .9i. 

163.  Sugar  from  Cienfuegos.— Received  from  the  custom-house, 
Boston,  marked  ^'Sample  of  100  hhds.  Muscovado  sugar,  imported 
into  Boston,'  from  Cienfuegos,  in  the  brig  Eliza  Burgess,  by  Benja- 
min Burgess  &  Sons.     August  25,  1845.     Duty  2\  cents  per  pound." 

A  light  yellow,  very  moist  sugar,* having  a  tolerable  grain  and  a 
bright  crystalline  appearance. 

e  =  0.25;  a    =       38^.72; 

d  =  1.1057;         a"  =  —  12^.1; 
t  =  67°.6  F.;      n    =       0.9. 

Per  cent,  of  cane  sugar,  91. 

'^  ♦ 

164.  Sugar  from  Laguayra. — Received  from  the  Philadelphia  cus- 
tom-house. A  dark  brown,  moist  sugar,  having  a  good  grain;  grit- 
ty between  the  fingers;  large  lumps,  with  veins  of  a  darker  color 
occurring  in  it. 

25 
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e  =  0.25; 

a    = 

40'.2; 

d  =  1.0975; 

a"  = 

—  ir.6; 

t  =   17°.5  C; 

n    = 

0.9. 

Per  cent,  of  cane  sugar,  93.44. 

165.  Sugar  from  Para. — Received  from  the  New  York  custom- 
house, and  marked  ^^  Brig  Lowell,  from  Para,  235  bbls.  brown  su- 
gar ;  arrived 'September  19,  1845.  Imported  by  Allen  &  Paxon. 
Duty  2J  cents  per  pound." 

A  deep  brown,  moist  sugar,  hs^ing  an  ordinary  grain;  very  slight- 
ly gritty  between  the  fingers;  large  dark  lumps  occurring  in  it. 


e  =  0.25; 

a    = 

36°. 75; 

d=  1.1002; 

a"  = 

-  10°.  3; 

t  =  810.6  F.; 

n    = 

0.9. 

Per  cent,  of  cane  sugar,  84.55. 

166.  Sugar  from  Naguabo. — Received  from  the  New  York  cus- 
tom-house, and  marked  ^^  Imported  in  brig  Sabine,  from  Naguabo, 
P.  R.,  September  24,  1845,  by  J.  B.  Lasaia  &  Co.,  236  hhds.,  mark- 
ed J.  S.     Duty  2J  cents  per  pound." 

A  yellowish  white,  moist  sugar,   having  a  tolerably  good  grain. 

6  =  0.25;  a    =        41^; 

d  =  1.1038;  a"  =  —  11^.3; 

t  =  77^.5;  71    =       0.9. 

Per  cent,  of  cane  sugar,  93.61. 

Muscovado  sugar  from  Halifax. 

167.  Jieceived  from  the  custom  house,  Boston,  marked  "Sample 
of  20  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  27,  1845.  Duty 
2J  cents  per  pound." 

A  bright  )ellow,  moist  sugar,  having  a  rather  good  grain,  and  a 
crystalline  appearance. 

e  =  0.25;  a    =        39^.6; 

d  =   1.1054;  a"  =  —  11°.  6; 

t  =  50^.8;  n    =        0.9. 

Per  rent,  of  cane  sugar,  91.18. 

168.  Received  from  the  custom-house,  Boston,  marked  "  Sample 
of  14  bbls.  brown  sugar,  imported  into  Boston,  from  Halifax,  in  the 
brig  Acadian,  by  Thomas  Tremlett,  September  27,  1845.  Duty  2^ 
cents  per  pound." 

A  iight-grayish  yellow,  moisl  «u^ar^  having  a  good  grain,  and  a 
bright  crystaline  appearauce. 
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* 

e  =  0.26;  a    ^        40^; 

d=  1.1012;         a'(=        10^.9; 
t  =1^  81°  F.;        n    =       0.9. 

Per  cent,  of  cane  sugar,  91.38. 

169.  Received  from  the  Boston  custom-house,  and  marked  ^^  Sam- 
ple of  6  hbds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Tnomas  Tremlett,  September  27, 1845.  Duty 
2}  cents  per  pound. 

A  light  yellow,  moist  sugar,  haying  a  rather  inferior  grain;  ap- 
pearance bright  and^ crystalline.  • 

e  =  0.25;  a    =       39<^; 

d=  1.1002;         a"  =—  11^.9; 
t  =  75^.5  F;      n    =        0.9. 

Per  cent,  of  cane  sugar,  91.63. 

170.  Received  from  the  custom-house,  Boston,  marked  «^^  Sample 
of  20  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,-an 
the  brig  Acadian,  by  Thomas  Tremlett,  St^ptember  5,  1845.  Duty 
Sjl  cents  per  pound.'' 

A  light  yellow,  moist  sugar,  h*aving  a  rather  good  grain,  and  a 
bright  crystalline  appearance. 

6  =  0.25;  a    =40°; 

d=  1.1025;         a"=  11°; 
t  =83°F.;         n    =0.9. 

Per  cent,  of  cane  sugar,  91.52. 

171.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  55  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  5,  1845'.  Duty 
H  cents  per  pound." 

A  yellow,  very  moist  sugar,  having  a  tolerable  grain. 

e  =  0.25;  a   =       39°. 3; 

d=  1.1022;         a"  =  —  10°. 64; 
t  =59°.6F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  89.56. 

172.  Received  from  the  custom-house,  Boston,  marked  *^  Sample 
of  37  hhds.  brown  sugar,  imported  into,  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  27,  1845.     Duty 

.  SJ  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  bright 
crystalline  appearance. 

6  =0.25;  a    =        38^.76; 

d=  1.1032;         a"  =  —  11^,86; 
t  =64°.3F.;      71   =        0.9, 

Per  cent,  of  cane  sugar;  90.87. 
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173.  Received  from  tbeittustom-house,  Boston,  marked  ^^ Sample 
of  16  hhds.  brown  su^ar,  imported  into  Boston,  from  HalifaX|  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  27, 1845.  Duty 
2J  cents  per  pound." 

A  *ratber  dark  yellow,  moist  sugar,  having  a  rather  gooi^rain^ 
and  crystalline  appearance. 

6  =0.25;  a    =       38^.33; 

d=  1.1015;         a"=—  11<^.76; 
t  =72^F.;  n   =       O.9.. 

Per  cent,  of  cane  sugar,  90.13. 

174.  Received  from  the  custom-house,  Boston,  marked  ^<  Sample 
of  80  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
schooner  Rainbow,  by  Cbas.  S.  Brown  &  Co.,  September  22,  1845. 
Duty  2J  cents  per  pound." 

A  ligjit  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
CTystalTine  appearance. 

e  =0.25;  ^  a    =       40^.06; 

ci=  1.107;  a"  =  —12^.84; 

t  =  65^.1  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  94.72. 

175.  Received  from  the  custom-house,  Boiston,  marked  *^ Sample 
of  75  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  schooner  Boston,  by  Thomas  Trtmlett,  October  8,  1845.  Duty 
2^  cents  per  pound." 

A  very  moist,  yellow  sugar,  having  a  tolerable  grain,  and  a  bright 
crystalline  appearance. 

e  =  0.25;  a    =        39^.68; 

d=  1.1059  a"=  —  12^; 

t  =  64^.2  F.;      71   =        0.9. 

Per  cent,  of  cane  sugar,  92.52. 

176.  Received  from  the  custom-house,  Boston,  marked  "Sample 
of  23  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  17,  1847.  Duty 
2J-cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  brip^M 
crystalline  appearance. 

e  =  0.25;  a    =       39^.91; 

d=  1.1025;         a"  =  —11^.41; 
t  =  70^.5  F.;     n    =        0.9. 

Per  cent.  of|Cane  sugar,  92.21. 
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177.  Receired  from  the  custom-hoasei  Baltimorei  marked 
<<  Schooner  Comet,  from  St.  Thomas,  August  23,  1845,  A  C  H,  21 
hhda.,  to  Johnson  &  Troyers." 

A  ver;^  light-colored,  moist  sugar,  having  a  rather  good  grain, 
and  a  bright  crystalline  appearance. 

e  =  0.25;  a    =       38^.6; 

d=  1.1024;         a"  =  —  12^.8; 
t  =  64^.9.  n    =       0.9. 

Per  cent,  of  cane  sugar,  92.10. 

178.  Lovering's  "  crushed  sugar  "—from  a  grocer. 

A  very  white,  brilliant,  cry^stalline  sugar;  grain  hard  and  firm. 

e=0.25;  a         42<^.5; 

•      d=  1.1055;         a"— 13^; 
^=74*^F.;  n         0.9. 

Per  cent,  of  cane  sugar,  99.39. 

Woolsey's  double-refined  loaf  sugar — from  a  grocer. 

A  white,  brilliant  sugar,  of  a  fine  cryrtalline  structure;  grain 
hard. 

By  the  copper  test  of  Trommer,  it  gives  a  very  slight  red  pre* 
cipitate. 

e  =0.25;  a    —       42^.2; 

d=  1.1054;         a"  =  — 12<>.7t 
f  =74^F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  98.34-  • 

180.  Brown  sugar  of  Cuba;  Quehrado  florete.  U.  S.  standard; 
from  New  Orleans  custom-house. 

A  light  whitish  yellow,  dry  sugar,  having  a  good,  fine  grain, 
^ith  a  crystalline  appearance.    . 

.  6=0.25;  a   =       42^; 

I  d==l. 10567;       a"  =  — 12^.9; 

f  =75^  F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  98.30. 

181.  Inferior  white,  from  Cuba;  {Blanco  segunda.)  United  States 
standard;  from  New  Orleans  custom-house. 

A  dull  white,  dry,  fine-grained,  and  gritty  sugar;  grain  hard;  ap- 
pearance crystalline. 

^  e=0.25;  a  =      42^;  ! 

d  =  l. 10563;       a"==       120.85; 
^=74°  F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  98.32. 
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182.  ^^  New  Orleans  prime  sugar."     Muscovado  sugar. 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance.  '» 

e  =  0.25;  a  =      40^.5; 

d  =  1.1035;         a"=  — 1P.75:. 
f  =87°F.;  n  =      0.9. 

Per  cent,  of  cane  sugar,  93.69. 

183.  "New  Orleans  prime  white  {^clarified^)  sugar." 
A  white,  fine,  and  good  grained  sugar. 

e=0.25;  a   =       42; 

d=  1.10493         a"  =  —  12^.6; 
^=85**  F.;         n  =        0.9. 

Per  cent,  of  cane  sugar,  97.79.  ^ 

184.  New  Orleans  raw   sugar,  from  Messrs.  Rutter,   Pattersoi^^ 
and  Newhall. 

A  moist,  yellow  sugar,  of  a  good  grain  and  fresh  odor. 

6  =  0.26;  =       a   39\7; 

d=  1.0978;         ==  — a"ll^; 
t  =27^.5  C;      =       n  0.9. 

Per  cent,  of  cane  sugar,  92.74. 

185.  New  Orleans  sugar. 

A  light- colored,  moist  sugar,  of  a  good  grain,  and  bright  cryt- 
talline  appearance. 

6=0.25;  a  =       37^.9; 

d=  1.100;  a"=  — 11^; 

f  =  86°  F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  87.91. 

186.  Maple  sugar. 

The  sample   analyzed  was  manufactured  and  sold  in  cakes  of  a 
dark  color,  having  a  peculiar  odor;  grain  not  good. 

6=0.25;       .  a   =       33^.7; 
d  =  1.0943;     a'' =  —  9°.  9; 
^=32°C.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  78.83. 

187.  ^^Clarified  sugavj^^  manufactured  by  Mr.  BroAae,  of  Phila- 
delphia, from  molasses,  by  evaporation  in  a  vacuum  pan. 

A  yellow  and  rather  dry  sugar,  of  inferior  grain. 
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e  =0.25;  a  =      37*^.2; 

d  =  1.0961;        a"=  — 10^.6; 
t  =24^.7  C;     n  =       0.9. 

l^er  cent,  of  cane  sugar,  86. 

188.  Bastard  ^ugar^  from  Messrs.  J.  S.  Lovering  &  Co. 

A  dark  yellow,  and  very  moist  sugar,  having  large  crystals,  and 
sritty;  burnt  smell. 

e=0.25;  a  =       35^; 

d=  1.0978;         a"=:— 9^.3; 
t  =  n  =      0.9. 

Per  cent,  of  cane  sugar,  78.28. 
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EXPLANATION  OF  THK  PLATES. 

«  « 

Plate  I. 

Taylor^t  yi//«r.— Fij? .  1— Vertical  section.    Fig.  2— Plan.    Fig.  3— Enlarged  view  of  o*e 
of  the  bags..  Fig.  4 — Conical  tube  for  attachment  of  bags  enlarged, 
aa,  the  filtering  bags. 
hf  cock  for  drawing  off  filtered  sirup;  • 

re,  tubes  of  attachment  of  the  bags. 
df  door  for  putting  in  and  removing  bags. 
Jdion  qf  the  filter. — The  sirup  is  placed  in  the  space  jI,  and  passes  through  the  tubes  ce, 
which  communicate  with  the  bags  through  which  the  sirup  filters.    The  conical  tubes  c  are 
aorronnded  by  the  openings  of  the  bags,  and  clasped  by  a  sliding  ring,  which  binds  them  f«ist . 
The  filtered  sirup  is  drawn  off  by  the  cock  b.  * 

Dumont^s filter. —F'lf^.  5. 

aa,  a  double  bottom  of  sheet  copper  pierced  with  holes,  on  which  a*wet  cloth  is  laid . 

bf  cock  for  removing  the  filtered  sirup. 
cCf  upper  partition  of  metal  pierced  with  holes,  furnished  with  a  handle.' 
e,  a  hollow  metal  ball  attached  to  the  cock  of  the  supply-pipe. 
This  apparatus  is  filled  with  coarse-grained  boneblack  in  the  space  ji,  between  the  pierced 
partitions  an  and  cc.    The  space  B  is  designed  to  receive  the  sirup  through  the  feeding- 
pipe,  the  supply  of  which  is  adjusted  to  a  constant  level  by  a  self-regulating  cock.    The  fil- 
tered sirup  is  received  in  C,  and  flows  off  by  the  cock  6. 

Fig.  6. — Perspective  view  of  a  simple  hver-prets  employed  In  Franco  for  extracting  sirup 
from  the  scum  separated  in  defecation,  and  which  acts  constantly. 

Fig.  7. — ^Vertical  section  of  a  defecator,  as  improved  by  M.  Hallotte,  with  an  external 
bottom  of  icast  iron. 

aaf  internal  copper  bottom. 
bbf  cast-iron  bottom, 
c,  cock  wuh  three  openings,  for  withdrawing  the  liquor  at  difibrent  levels. 
Batculc  pan. — Fig.  8 — Vertical  section.    Fig.  9— Horizontal  section. 

a,  a  shallow  pan,  which  turns  upon  an  axis;  may  be  tilted  by  means  of  a  pulley, 
and  emptied  by  a  spout.  The  dotted  outlines  in  Fig.  8,  represent  the  position 
of  pouring. 

Plate  II. 

Taylor^t  evaporating  pan, — Fig.  1 — Elevation.    Fig.  2 — Horizontal  section  of  the  tubes. 
Fig.  3--Plan. 

Jif  the  pan  itself,  supper^  by  four  columns.         ^ 

B,  Copper  steam-pipes,  arranged  so  as  to  form  a  horizontal  grate. 

C,  main  steam-pipe  and  axis  divided  longitudinally  by  the  diaphragm  a;  one  end  of 
which  is  conical,  and  pierced  laterally  for  the  escape-pipe  F.  Upon  this  axis  tke 
grate  turns  so  as  to  permit  the  pan  to  be  easily  cleaned.  ^ 

/),  internal  tubes  enveloped  by  the  pipes  B, 
Ef  a  double  cock,  opened  or  shut  at  pleasure  by  the  handle  V. 
F,  the  carved  escape-pipe,  which  connects  with 
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O^  the  tobe  which  eondocts  the  oondenied  bteam  back  to  the  boiler. 
Hf  cock  to  em|ity  the  pan  when  I  be  sirup  is  conceDtrated. 
The  steam  follows  the  coarse  iDdicated  by  the  arrows  in  Fig.  2,  entering  C  on  one  side  of 
tiM  diaphragm,  passing  throagh  the  pipes  2)  and  B,  and  returning  by  F  and  G  to  th^  boiler. 

JhibrunfavVs  pan.— Fig.  4— Elevation.    Fig.  5~Plan. 
jS,  the  evapuratiog  patt.      ^ 
B,  the  bent  steam-pipe. 

a,  cock  for  admitting  steam. 

bj  cock  for  escape  of  steam  and  water  of  condensation. 

e,  handle  for  opening  and  shutting  the  discharge  valve,  c. 

df  pipe  for  filling  the  pan  with  sirup. 

/,  a  wooden  cover,  preventing  the  escape  of  vapor  into  the  room,  and  causing  it  *.o 
pass  off  by 

Z,  the  wooden  chimney. 

*   HalUMt  terpentine  steam-pan.-^¥ig.  6 — ^Plan.    Fig,  7 — Front  elevation  of  the  pan. 
a,  the  steam-pipe. 

bb,  escape- pipes  for  the  steam  which  circulates  in  the  serpentine. 
Cj  the  discharge  pipe  for  the  concentrated  sirup. 
Fig.  8— A  copper  basin^  used  for  filling  moulds. 

Plate  III. 

Moth'e  syttem.'-F'igr.  1 — The  condenser.    Fig.  2 — Vertical  section  of  the  vacuum  paA. 
Ky.  3 — Section  in  the  lino  xx, 
jif  the  steam-pipe. 

B,  large  iron  vessel  for  condensing. 

C,  copper  vacuum  pan,  with  a  double  bottom. 

i,  lateral  pipe  conveying  steam  into  the  space  yy. 
dj  tube  for  conveying  steam  into  the  space  C,  and  forming  a  vacuum. 
«,  serpentine  tube,  heated  by  steam. 

/,  tube  for  drawing  sirup  from  the  reservoir  r,  into  the  vacuum  pan. 
gf  cock  for  discharging  the  concentrated  sirup. 
hj  escape  pipe  for  removing  condensed  steam  from  yy. 
A>,  pipe  for  removing  condensed  steam  from  the  serpentine. 
iif  tube  of  communication  between  c.  the  vacuum  pan,  and  B,  the  oondentlBr. 
jjf  tube  for  admitting  cold  water  from  the  reservoir  /,  into  the  condenser  B. 
/,  cold  water  reservoir. 
mm,  diaphragms  to  extend  the  surface  in  contact  between  the  steam  and  the  water 
n,  cock  for  the  escape  of  the  air  when  the  vacuum  is  to  be  formed,  and  for  its  ad< 

mission  when  the  contents  of  the  pan  are  to  be  removed. 
0,  gauge  indicating  the  pressure  in  the  condenser. 
Pf  tube  showing  the  level  of  the  w^ter  in  the  condenser. 
q,  cock  for  removing  water  from  the  oondenier. 
r,  reservoir  for  sirup. 
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Plate  IV 


System  of  M*  Degrand,  (as  oonstracted  by  MM.  Derosne  aDdTCaU.)    Fig.  1 — Plan  of 
the  condenser.    Fig.  2 — Elevation  of  the  apparatas. 
A,  A;  an  oscillating  stoam  enginej  working  an  air-pamp,  ^  <,  to  form  a  vaoifnm  in  B. 

B,  a  vacnum  pan,  heated  by  a  serpentine  a,  a. 

C,  a  reservoir,  to  hold  any  syrup  which  may  accidently  pass  through  the  pipOi  c 

D,  a  bent  tpbe,  intended  to  aid  in  forming  the  vacuum  in  B,  by  condensation. 
6,  reservoir  or  cistern  for  dilute  juice.  * 

a,  a,  serpentine  tube,  for  heating  B. 

6,  the  cock  for  discharging  concentrated  syrup  from  B. 

c,  pipe  between  the  pan  B,  and  reservoir  C. 
df  df  pipe  betweeen  the  condenser  D,  and  the  air-pump  e,  e. 
e,  tf  air-pump  worked  by  the  engine  A,  A. 

gf  gf  copper  reservoir  for  the  juice  which  has  flowed  over  the  surface  of  the  bent  tube  D. 
t,  t,  pipe  conveying  the  juice  from  gy  g,  into  a  cistern. 
II,  n,  troughs  for  distnbuting  tie  juice  in  fine  streams  over  the  bent  tube  D. 

0,  supply  pipe  of  the  troughs,  w,  n. 

s,  supply  pipe  of  the  steam  engine,  A. 

DtUrone^i  crystallizing  6ox.— Fig.  3— Transverse  section. 
^,  the  box  itself. 
bf  6,  the  upright  supports. 

Cf  c,  sections  of  strips  of  wood  upon  which  the  box  rests. 
d,  df  th's  inclined  bottom,  perforated  by  numerous  holes  in  the  middle  line  of  junction  for 

the  escape  of  the  molasses, 
e,  e,  troughs  or  channel  for  conveying  the  molasses  to  the  cistern,  covered  with  cement. 

PixyerCs  decolorimeter. — Fig.  4 — Side  and  front  elevation. 
CDf  tube  for  holding  the  sirup. 
JB.,  sliding  tube,  with  a  graduated  scale. 
P,  closed  space  between  two  glass  disks  filled  with  standard  colored  liquor. 

Plates  V,  VI,  and  VII. 

System  of  iii//ieux.— Plate  V— Front  elevation.    Plate  VI,  fig.  1— Plan  of  one  of  the  evap- 
orating pans  J  Fig.  I^Plan  of  frame-work  and  pipes.    Plate  VII,  fig.  1— -Transverse  see- 
tion  ;  Fig.  2 — Side  elevation,  half  in  section. 
jif  the  evaporating  pan. 
aa,  the  main  steam-pipe. 

bbf  the  pipe  conveying  the  vapor  from  the  first  pan  to  the  chamber  k. 
eCf  pipe  conducting  it  into  the  second  pan. 
ddf  pipe  for  the  escape  of  vapor  from  the  second  pan  into  a  box  k,  communicating  with 

the  air-pump  y,  by  mean#  of  the  pipes  <  and  h. 
M,  the  steam*pipe  of  the  last  evaporating  pan. 
ff,  pipe  for  escape  of  vapor  from  the  last  pan. 

gf  pipe  conveying  the  vapor  from  the  first  pan  to  the  last,  and  connecting  with  c. 
AA,  pipe  oonneoting  the  second  and  third  pans  with  the  air-pomp  y. 
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if  pipe  odBiwotiiig  k  with  k%add   . 
k,  k,  ■team-ohamben  or  boxes. 

I9 1,  dome  or  copola  from  which  the  vapor  b  taken  by  the  pipe  jr. 
m,  Mf  handles  for  opening  the  corneal  valves  •• 

%  i»i  pipes  for  supplying  high  steam  to  different  parts  of  the  apparatus. 
Of  o,  conical  valves. 
p,  p,  handles  of  the  discharge  valves. 

q,  discharge  valve  of  the  last  pan.    . 
r,  r,  internal  fines  or  tubes. 

»f  pipe  supplying  high  steam  to  the  vacuum  pipes  to  drive  out  the  air. 
I,  valve  for  the  pipe  t . 

«,  glass  disk  for  observing  the  interior  of  the  pan. 

V,  diaphragm  or  bridge  separating  the  high  steam  chamber  from  that  of  the  vapor 
«pWi  double  case. 
MX,  escape-pipe  conducting  the  vapor'from  the  dome  I, 

y,  the  air-pump. 
MMf  the  supporting  frame- work  of  wood. 
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Ut  Senion.  No.  50. 


LETTER 

FftOM 

THE  SECRETARY  OF  THE  TREASURY, 

COBUCUNICATINO 

•4  report  of  researches  on  hydrometers  and  spirituous  liquors j  made 
under  the  superintendence  of  Professor  A.  D.  Bache^  by  Professor 
R.  8.  McCulloh. 


June  2,  1848. 

Eead,  aad  ordered  that  10,000  copies  be  printed  for  the  ate  of  the  Senate,  together  with 
the  fomer  reports  relating  to  the  same  series  of  scientific  researches,  under  the  remion  of 
Professor  McCnlloh. 


Treasury  Department, 

June  1,  1848. 

Sir:  Herewith,  I  have  the  honor  Jo  transmit  to  the  Senate  a 
letter  from  Professor  A.  D.  Bache,  superintendent  of  weights^ 
measures,  balances,  &c.,  communicating  a  report  of  scientific  re- 
searches on  hydrometers,  spirituous  liquors,  &c.,  made,  under  hi» 
superintendence,  by  Professor  R.  S,  McCulloh,  melter  and  re- 
finer of  the  n)int  of  the  United  States,  in  compliance  with  arequst 
of  this  department,  and  for  the  purpose  of  enabling  the  Secriiary 
of  the  Treasury,  in  the  exercise  of  authority  conferred  upon  iiitn 
by  an  act  of  Congress,  approved  January  12, 1825,  to  adopt  and  in- 
stitute a  more  accurate  hydrometer,  in  lieu  of  that  now  used  for 
for  ascertaining  the  strength  of  spirituous  liquors. 
Very  respectfully,  your  obedient  servatit, 

R.  J.  WALKER, 
Secretary  of  the  Treasury. 
To  the  Hon.  George  M.  Dallas, 
Vice  President  of  the  United  tftates^ 

and  President  of  the  Senate. 
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tiiir^f  Profe$S0r  ^  D.  Bacht^  superinimdeni  of  wiigkis^  meas- 
unSj  and  ba/anc£^^|ransm^/tn^  a  stcond  report  on  inquiries  and 
ft  starches  relating  to  hydrometers^  fyc.^  madt^nder  his  sup€rin--*^ 
tmdence  hy  Professor  R,  S,  McUulloh. 


Office  of  Weights  anp  Me^subtb, 

May  29,  184S. 

Sir:  I  hate  the  honor  to  subroitj  herewitbj  a  second  report  on 
Ljdrometers,  by  Professor  R*  S,  McCultohj  containing  the  results 
oi'  Inquiries  and  researches  made  under  my  superintendence,  and 
proposing  to  the  department  a  course  of  action,  in  which  I  fully 
concur.  Of  J.his  report  I  propose  to  make  a  brief  analysis,  as  lead* 
ing  to  the  conclusiotis  upon  which  action  by  the  department  is  tt^ 
commended*       • 

In  a  former  report^  made  in  1845,  to  one  of  your  predeces3orS| 
the  circumstances  umder  which  these  researches  were  uadertakeii 
(by  request  of  the  Hon.  John  C.  Spencer)  are  stated^  and  they  are 
briefly  recapitulated  by  Professor  McCulloh,  in  the  first  chapter  of 
the  present  report*  It  is  due  to  Professor  McCulloh  to  add,  that 
Bince  the  period  of  his  employment  in  the  United  Slates  minty 
these  resedrehes  have  been  continued,  and  those  on  sugar  haTe 
betn  completed,  in  the  midst  of  engrossing  and  arduous  duties, 
without  compensation.  The  superintendence  was  undertaken  by  me 
originally,  and  has  been  executed  also  without  compensation. 

In  the  report  of  1845,  just  referred  to,  a  complete  theory  of  the 
hydrometer  .was  given,  the  different  scales  in  use  described ,  the 
advantages  of  the  centesimal  scale  hydrometer  insisted  on,  and  the 
manner  of  graduating  and  using  it  explained.  The  mode  of  ma- 
lting and  graduating  hydr^omelers  was  given.  The  principal  hy* 
tirometers  of  different  countries  w^ere  described^  and  their  theory 
fstablished.  The  results  of  diffejent  experiments  on  the  expansian 
of  water  were  discussed,  and  those  of  liquids  composed  of  mixtures 
of  alcohol  and  water  were  collected  and  represented  graphically* 
The  subject  of  the  proofs  of  liquors  was  discussed,  and  the  inves- 
tigations of  different  hydrometers  in  use  were  compared. 

The  present  report  consists  of  four  chapters.  In  the  drst  is  con- 
tained a  brief  noticcj  or  account,  of  the  authority  and  circumstances 
under  which  the  work  has  been  performed^  of  the  manner  of  its 
execution,  and  of  the  resuUing  measures  proposed  to  the  action  of 
the  department. 

The  second  contains  an  elaborate  account  of  researches  in  rela^ 
tion  to  the  speei^c  gravities  of  alcoholic  liquids,  made  by  authorit 
of  European  govtramentsj  or  by  private  individuals,  for  scientific 
purposes. 

The  third  contains  new   researches  on   the  specific  gravities  of] 
alcoholic  liquids,  intended  to  verify,  generally,  those  of  previotts 
experimenters* 

The  fourth  chapter  gives  the  correspondence  between  the^degrees 
of  Dycas'a  hydrometer^,  and  the  per  centage  by  bulk,  or  weight,  of 
a/coioi  in  various  mixtures* 
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The  report  closes  with  an  account  of  the  examination  of  different 
hydrometers  actually  used  at  some  of  the  customhouses  of  the 
United  States.  • 

As  the  results  obtained  by  Oilpin  and  Blagden,  under  the  direc*^ 
tion  of  the  Royal  Society  of  London,  and  for  the  British  govern- 
ment, have  stood  the  test  of  repeated  re-examination,  Professor 
McCulloh  assumes  them  as  standard,  and  gives  a  minute  account  of 
their  methods  of  experimenting,  with  all  the  precautions  taken, 
their  results,  the  criticisms  made  upon  them,  the  repetition  of  por- 
tions of  the  experimental  work  by  the  authors  themselves,  their 
coifiparative  trials  of  other  suggested  methods  of  working,  and 
their  recommendations  in  regard  to  the  manner  of  collecting're- 
yenue  on  alcoholic  liquids,  and  to  the  instrument  to  be  used.  These 
researches  are  contained  in  three  memoirs,  occupying  some  two 
hundred  pages  of  the  transactions  of  the  Royal  Society,  and  ex- 
tending over  a  period  of  six  years. 

Instead  of  adopting  the  very  satisfactory  method  proposed  by 
Gilpin  and  Blagden,  a  complex  and  unscientific  l^ystem  was  intro- 
duced, the  defects  of  which  produced  a  necessity  for  a  second  ap- 
peal by  the  British  government  to  the  Royal  Society,  resulting  in  a 
report,  which  is  analyzed,  and  the  recommendations  and  tables  con- 
tained in  which  are  given  by  Professor  McCuUoh. 

The  inquiries  of  Professor  Trallcs  for  the  Prussian  government 
are  next  analyzed  in  detail.  They  led  to  the  introduction  of  a  cen- 
tesimal hydrQmeter,  adapted  to  determining  per  cents,  of  alcohol 
contained  in  a  given  liquid;  the  tables  being  based  upon  the  ex- 
perimental results  of  Gilpin  and  Blagden.  The  material  proposed 
was  glass.  This  system  has  not  only  stood  the  test  of  use  in  Prus- 
sia, but  has  been  adopted  (with  or  without  modification)  in  France, 
Austria,  Sweden,  and  Belgium.  An  account  of  other  researches 
in  Germany  and  in  Russia  is  given. 

The  inquiries  which,  led  to  the  system  and  instrument,  (tl^e  cen- 
tesimal alcoholometer  of  Gay  Lussac,)  used  in  France,  are  dis- 
cussed at  length.  The  adoption  of  a  similar  system  in  Sweden  is 
noticed.  Recent  experiments  made  in  England  are  analyzed,  and 
their  results  given. 

The  labor  of  comparing  these  various  results,  referring  to  dif- 
ferent units  of  specific  gravity  of  water  and  of  alcohol,  and  to  dif- 
ferent temperatures  of  these  two  liquids,  is  very  great, ^and  has 
been  most  thoroughly  performed  by  Professor  McCuIlA  and  his 
assistants.  Comparative  tables  are  given,  in  which  the  numbers 
obtained,  directly  from  experiment  or  by  interpolation,  are  referred 
to  the  same  scale.  There  is  thus  presented,  at  one  view,  a  com- 
parison of  the  best  experiments  hitherto  made  on  the  subject.  The 
method  of  tracing  curves  to  represent  the  experimental  results  is 
also  resorted  to  for  comparison  and  for  verification,  by  the  regu- 
larity of  the  curves.  The  result  of  this  detailed  co.mparison  is,  to 
confirm  as  accurate  the  minute  experiments  of  Gilpin  and  Blagden, 
before  referred  to. 

The  new  experiments  by  Professor  McCiflloh  were  not  under-* 
taken  with  a  view  to  go  over    the  ground    previously  oecu^Ud  l^^j 
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others,  step  by  step,  bat,  merely  lo  explore  certain  points,  anil  to 
infer  from  the  exammation  thus  made,  p^eneral  agreement  or  dis- 
cordance. The  precautions  to  insure  accuracy  in  the  e^tperiments 
are  given  in  detail,  the  sources  and  examination  of  the  weights, 
balances,  hydrometers,  and  thermometers,  and  of  the  liquids  used, 
the  manipulations  employed,  the  correction's  and  the  final  results 
are  given,  and  compared  with  one  of  the  best  series  of  experi- 
ments discussed  in  the  previous  part  of  the  report.  The  confirma- 
tory character  of  these  results  warrants  the  recommendation  of  the 
•ystem  based  upon  them. 

In  advising  the  abandonment  of  the  present  arbitrary  method  of 
^^proofsj^^  in  testing  and  describing. the  value  of  alcoholic  liquids, 
it  is  necessary  to  show  the  connexion  between  the  new  system  re- 
commended find  the  old  one.  A  comparison  is  therefore  made,  in 
the  first  chapter,  between  Dycas's  hydrometer  and  the  centesimal 
hydrometer,  and  between  the  indication  of  the  former,  and  the  per 
cent,  by  bulk  and  weight  of  alcohol  contained  in  any  given  liquid, 
at  an  ascertained  temperature. 

The  result  of  the  examination,  with  which  the  report  closes,  of 
different  instruments' actually  in  use  in  the  custom-houses  of  Balti- 
more, Philadelphia,  New  York,  Boston,  Portland,  Newburyport, 
Salem,  Bristol,  Providence,  Newport,  and  New  Haven,  in  the  year 
1845,  establishes  their  general  inaccuracy  and  consequent  want 
of  uniformity  inithe  collection  of  the  revenue  at  the  different  ports. 

The  recommendations  which .^row  naturally  and  necessarily  out 
of  the  inquiries  heretofore  submitted,  the  reasons  for  which  are  ex- 
plicitly stated  in  the  introduction  to  the  present  report,  or  in  con- 
nexion with  the  different  researches,  are  the  following: 

1st.  That  the  strength  of  liquors  should  not  be  referred  to  the 
arbitrary  degrees  of  an  artificial  system,  as  those  of  Dycas's  hy- 
drometer, but  be  expressed  in  per  cent,  of-  alcohol  contained,  by 
volum*,  or  by  weight. 

2d.  That  no  reference  be  made  to  terms  of  ^^proofj^^  as  ^^first 
proof ^^"^  ^^stcond  proof ^^^  &c.,  which  are  from  legal  enactment,  and 
not  commercial  use,  in  ascertaining  or  describing  the  strengths  of 
alcoholic  liquors;  but,  that  such  dtscription  b.e  made  in  per  cent., 
by  weight  or  bulk  of  contained  alcohol. 

3d.  That  all  gaugini^s  or  measurements  of  alcoholic  liquids  be 
referred  to  the  standard  temperature  of  60°  of  Fahrenheit's  ther- 
mometPr.  \ 

4th.  That,  in  staling  the  per  cent,  by  volume  of  pure  alcohol 
contained  in  a  liquid,  it  he  reduced  to  its  equivalent  at  the  same 
standard  temperature  of  60*^  Fahrenheit. 

5th.  That  the  centesimal  hydrometer  be  adopted  in  determining 
the  strength  of  liquids;  and  provisionally,  until  a  better  instrument 
is  furnished,  the  centesimal  alcoholometer  of  Professor  Tralles 
be  used,  with  a  suitable  manual  and  tables,  to  accompany  the  in* 
strument.  Respectfully  submitted,  by 

A.  D.  BACHE,    . 
Superintendent  of  weights^  measures^  and  balances. 
To  the  Hon.  Robert  J,  Walker, 

StQTttary  o/  \ht  TTtatUT\i, 
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REPORT 

To  Professor  A.  D.  Bacht^  of  the  researches  on  hydrometers  and 
spirituous  liquors^  made  under  his  superintendence^  by  Professor 
JR.  8.  McCulloh. 

MfiLTER   AND   ReFINEr's    OfFICE, 

United  States  Mint^  Philadelphia ^  May  26,  1848. 

Sir:  I  hare  the  honor  to  submit  to  you  the  following  report  on 
hydrometers,  &c.,  showing  the  progress  made  in  the  work  confided 
to  me,  and  furnishing  all  the  information  which  would  be  needed, 
if  the  Secretary  of  the  Treasury  should  see  fit  to  substitute  for  the 
hydrometer  now  in  use  another  which  would  be  more  accurate  and 
entitled  to  public  confidence,  in  the  exercise  of  the  authority  con- 
ferred upon  him  by  act  of  Congress  approved  12th  January,  1826. 

1.  On  the  14th  of  June,  1844,  I  was  appointed  by  the  Treasury 
Department  your  assistant,  to  make,  under  your  direction,  such  in- 
yestigations  and  experimental  researches  as  might  be  found  neces- 
sary to  furnish  the  information  in  relation  to  saccharine  substances 
and  the  manufacture  of  sugar,  called  for  by  act  of  Congress  ap- 
proTed  March  3,  1843;  and  to  perform  the  labor  which  might  be 
requisite  to  enable  you  to  comply  readily  with  a  request  of  the 
Treasury  Department,  that  you  would  institute  suitable  experiments 
on  hydrometers,  and  furnish  the  results  to  that  department,  made 
by  the  Hon.  John  C.  Spencer,  in  a  letter  of  March  13, 1844,  (which 
has  been  published  in  Senate  Doc.  No.  166,  28th  Congress,  2d  ses- 
sion, p.  4,)  in  consequence  of  complaints  that  the  hydrometer  used 
by  the  officers  of  the  customs,  in  obedience  to  act  of  Congress  ap- 

firored  10th   of  August,  1790,  is   inaccurate,  and   may,  tnerefore, 
ead  to  injustice  in  the  collection  of  the  revenue. 

2.  On  the  18lh  of  February,  1845,  I  submitted  to  you  a  report  of 
the  progress  made  in  the  inquiries,  both  in  relation  to  sugars  and 
hydron^eters,  which  report  has  also  been  published  in  Senate  Doc. 
No.  165,  28th  Congress,  2d  session.  To  it,  therefore,  I  beg  leare 
to  refer  for  much  of  the  information  to  which  these  iuTestigations 
hare  led — the  present  i:eport  being  supplementary  to  the  second 
section  of  that  just  mentioned. 

3.  When  I  undertook  the  task  allotted  to  me,  it  was  understood 
.that  the  experiments  and  inquiries  in  relation  to  sugar  should  be 

considered  as  entitled  to  precedence,  my  employment  being  in  fact 
dependent  solely  upon  them,  and  that  the  researches  on  hydrome- 
ters should  therefoie  receiye  only  so  much  of  my  time  and  attention 
as  could  be  devoted  to  them  without  neglect  of  the  other  work*— 
the  former  being  made  by  order  of  Congress,  the  latter  only  with 
their  sanction,  and  in  compliance  with  a  request  of  the  Secretary  of 
the  Treasury. 
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4.  That  these  secondary  investigations  should,  therefore,  hare 
been  deferred  until  those  of  primary  character  were  completed,  ex- 
cept during  the  short  interval  in  th^  summer  of  1846,  when  I  was 
waiting  for  the  specimens  of  sugar,  &c.,  which  the  officers  of  the 
customs  were  directed  to  furnish  me,  was  only  in  fulfilment  of  the 
above  mentioned  conventional  understanding. 

During  that  interval  I  occupied  myself  with  an  examination  of 
the  condition  of  the  hydrometers  used  by  the  inspectors  at  several 
of  the  northern  ports,  and  in  seeking  information  in  relation  to  the 
art  of  refining  sugar;  for  which  purposes  I  visited  those  places,  and 
the  principal  sugar  refineries  in  them,  in  obedience  to  your  orders. 
The  results  of  the  examination  of  the  hydrometers,  are  given  in 
detail  in  chapter  IV.  of  this  report. 

6.  After  my  return  to  Philadelphia,  in  1845,  my  time  was  chiefly 
occupied  with  chemical  analyses  of  the  saccharine  substances  sent 
to  me  from  the  custom-houses,  and  in  making  preparations  for  my 
contemplated  journey  to,  and  work  in,  Louisiana  and  Cuba. 

During  my  absence  in  Cuba  it  pleased  the  President,  with  the 
consent  of  the  Senate,  to  confer  upon  me  the  appointment  which  I 
now  hold  in  the  mint  of  the  United  States.  The  performance  of 
the  highly  responsible  duties  of  my  office,  after  my  return  in  the 
spring  of  1846,  and,  at  the  same  time,  the  completion  of  the  analy- 
ses and  other  work  required  by  the  researches  on  sugar^  absorbed 
my  attention,  and  left  me  little  time  for  hydrometers,  &c.,  until  the 
end  of  February,  1847,  when  I  had  the  honor  to  make  to  you  my 
final  report  on  sugar,  since  published  in  Senate  Doc.  No.  209,  29th 
Congress,  2d  session. 

The  year  1847  was  one  of  constant  and  unusually  heavy  work  in 
the  mint,  devolving  upon  me  more  than  ordinary  labor  and  respon- 
sibility; also,  some  improvements  had  to  be  introduced  in  the  melt- 
ing department.  I  could  not,  therefore,  prosecute  the  inquiries 
and  experimental  researches  on  hydrometers  energetically,  or  give 
them  more  than  a  small  portion  of  my  time,  during  that  period  or 
until  very  recently. 

6.  I  have  given  this  extended  account  of  my  proceedings,  that  it 
may  appear,  both  to  yourself  and  others,  to  be  due  to  no  aeglect 
that  the  investigations  in  relation  to  hydrometers  have  not  long 
since  been  completed  and  fully  reported;  and  certainly  I  should 
have  much  preferred  to  have  brought  them  to  an  early  termination, 
if  it  could  have  been  done  without  slighting  them. 

7.  In  making  the  numerical  calculations  required  for  this  report, 
I  was  assisted  by  my  friend  and  former  pupil.  Woods  Baker,  esq., 
who  volunteered  his  services,  and  labored  without  pecuniary  com- 
pensation most  indefatigably  and  efficiently.  He  generally  re- 
peated and  verified  both  my  own  computations  and  those  of  the 
other  assistants;  and  his  mathematical  ability  and  general  scientific 
attainments  render  his  work  fully  entitled  to  confidence.     I  was 

aided  in  a  similar  manner  by  my  former  assistant,  J.  JB.  Reynoldsi 
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esq.,  now  lecturer  on  natural  philosophy  in  the  Franklin  Institute. 
Mr.  Charles  Hartshorne  and  Mr.  Alfred  Gammings,  assistants,  also 
labored  industriously  and  with  ability  in  computing  numerical  re- 
sults. Lastly,  in  my  experiments  and  chemical  manipulations,  I 
was  assisted  by  John  Monell,  esq.,  employed  as  foreman  in  the 
refining  operations  of  the  mint,  who  aided  me  in  numerous  ways^ 
and  relieyed  me  of  the  arduous  task  of  watching  and  conducting 
the  repeated  distillations  of  alcohol  and  water,  required  to  obtain 
the  former  pure,  and  keep  the  latter  free  from  absorbed  air. 

8.  With  reference  to  the  numerical  calculations,  the  results  of 
which  are  given  in  this  report,  I  wish  it  to  be  understood  that  they 
were,  with  few  and  unimportant  exceptions,  made  by  two  different 
persons,  independently  of  each  other — one  assistant  checking  the 
work  of  another,  and  my  own  computations  being  similarly  verified 
by  some  one  of  them.  This  plan  was  followed,  because  I  have  lit- 
tle faith  in  the  truth  of  long  and  laborious  numerical  computations, 
unless  confirmed  by  some  good  method  of  verification.  It  is  too 
easy  to  commit  errors  in  the  simplest  additions,  subtractions,  &c.; 
and  few  fail  to  make  them  often. 

9.  The  formulas,  and  adopted  coefiicients  of  reduction,  which 
were  used  in  the  calculations,  are  jj^iven  in  an  appendix  to  this  re- 
port; which  contains  the  mathematical  theory,  not  only  of  this  par- 
ticular work,  but  also  of  the  determination  of  the  exact  weights 
and  specific  gravities  of  bodies  generally;  and  is  herewith  submit- 
ted for  your  information  with  reference  to  the  methods  I  have  fol- 
lowed. Whether  or  not  that  appendix  should  be  communicated 
with  this  report  to  the  Treasury  Department,  I,  however,  submit 
as  a  question  for  your  judgment  and  decision.  It  is  a  paper  purely 
scientific,  and  may  be  too  abstract  for  publication  as  part  of  a  prac- 
tical investigation.  Probably  it  would  find  a  more  appropriate 
place  in  some  scientific  journal,  of  convenient  reference. 

10.  The  experimental  work  cannot,  in  my  opinion,  yet  be  con- 
sidered complete,  although  it  is  sufficiently  so  to  justify  the  Secre- 
tary of  the  Treasury  in  at  once  adopting  and  giving  orders  for  the 
use  of  a  new  and  more  accurate  hydrometer. 

Any  instrument  which  would  determine  specific  gravities  readily 
and  accurately,  so  that  the  corresponding  strengths  may  become 
known,  would  answer;  and  it  is,  perhaps,  best  that  no  legislative 
action  should  take  place,  which  would  fix  upon  the  country,  as 
heretofore,  a  very  imperfect  and  faulty  system;  but  that,  on  the 
contrary,  the  authority  now  given  to  the  Secretary  of  the  Treasury 
to  substitute  one  hydrometer  for  another,  should  continue  to  be 
vested  in  him,  in  order  that,  if  improvements  be  invented,  they  may 
be  introduced  without  difficulty. 

This  is  the  more  desirable,  because  it  is  very  likely  that  the  ap- 
paratus you  have  proposed,  of  a  hollow  metallic  ball  suspended 
from  a  spring  balance,  may  be  brought  to  perfection,  and  would  be 
greatly  superior  to  any  hydrometer  of  the  ordinary  kind,    T!i<i^^^€ 
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xneUl  must  be  made  so  thin  that  the  least  blow  indents  them  deeply, 
and  destroys  them.  Besides,  they  are  of  difficult  construction,  and 
very  costly;  and  glass  hydrometers  are  fragile,  though  cheap.  Your 
suggested  ball  and  spring  balance  may  haye  any  required  degree  of 
strength;  but  whether  the  sensibility  can  be  rendered  sufficient,  apd 
the  spring  free  from  derangement,  has  not  yet  been  satisfactorily 
tested;  and  until  this  is  done,  the  question  should  remain  unde- 
cided. 

11.  Temporarily,  and  until  some  more  perfect  instrument  is  in- 
Tented,  I  recommend  the  adoption  of  the  centesimal  alcoholometer, 
either  of  Tralles  or  Gay  Lussac. 

That  of  Tralles  is  preferable,  because  the  volumeaare  measured 
at  60^  Fahrenheit,  instead  of  15?  centigrade,  equivalent  to  59^  Fah- 
xenheit,  adopted  by  Gay  Lussac;  and  because  it  is  referred  to  the 
density  of  water  at  its  maximum  degree  of  condensation,  instead  of 
.15?  cent.,  and  therefore  corresponds  to  the  system  of  weights  and 
measures  of  the  late  Mr.  Hassler. 

12.  For  either  of  these  instruments,  it  would  be  necessary  to 
print  a  small  manual  of  instructions  and  tables.  This  for  that  of 
Gay  Lussac  has  already  been  done  in  French ;  a  translation  could 
be  made  of  it  in  a  very  few  davs,  and  with  trifling  labor.  For  the 
instrument  of  Tralles,  it  would  be  necessary  to  interpolate  his  ta- 
bles, given  in  the  succeeding  chapter  of  this  report,  for  every  sin- 
gle per  cent.  The  requisite  work  demanded  for  this  purpose  I  am 
willing  to  perform,  with  suitable  assistance,  if  it  be  desired. 

13.  Whatever  doubts  may  exist  as  to  the  propriety  of  fixing  any 
particular  instrument  permanently  upon  the  country,  I  think  that 
none  can  be  for  a  moment  entertained  with  reference  to  the  basis 
of  all  future  action  on  the  part  of  the  government  in  relation  to 
the  determination  of  the  strengths  of  liquors;  and  I  would  here 
respectfully  suggest  that  in  all  instances  the  following  proposi- 
tions be  adopted,  and  adhered  to: 

1st.  The  strength  of  a  liquor  should  never  be  referred  to  the  ar- 
bitrary degrees  of  an  artificial  system,  as  those  of  Dycas's  hydrom- 
eter, but  be  expressed  in  per  cent,  of  alcohol  contained  by  volume 
or  by  weight,  as  is  done  for  mixtures  of  other  substances. 

2d.  All  reference  to  the  terms  first  proofs  second  proof ^  Slc.^ 
should  hereafter  be  dropped;  those  terms  being  legislative  and  not 
commercial,  originally  created  by  act  of  Congress,  and  having  no 
longer  any  use,  except  to  invite  attempts  at  fraud. 

3d.  Spirituous  liquor  should  pay  duty  proportionally  to  their 
strengths,  or  per  cent,  of  contained  alcohol;  the  rest  being  water, 
and  valueless:  provided,  however,  that  the  value  does  not  depend 
on  some  peculiar  and  esteemed  flavor,  or  other  quality. 

4th.  As  the  volume  of  any  liquid  varies  with  its  temperature,  so 
that  the  same  quantity  of  spirit  does  not  measure  the  same  number 
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of  gallons  if  gauged  at  different  temperatures,  all  measurements 
should  be  referred  to  the  mean  temperature  of  60^  Fahrenheit. 

5th.  A  cask  of  liquor  would  then  pay  duty  on  the  per  cent,  by 
Tolume  of  pure  alcohol  which  it  contains  at  60^  Fahrenheit  only; 
this  will  be  determined  by  multiplying  the  gauged  contents  found 
at  any  other  temperature  by  such  factor  or  multiplier  as  will  re- 
duce both  the  indicated  strength  and  measured  Tolume  to  that  tem- 
perature. Tables  XIII.  and  XIY.,  of  Tralles,  of  the  succeeding 
chapter,  and  the  table  o{  richness  of  Gay  Lussac — see  section  92,  be- 
low, are  tables  of  such  factors. 

14.  If  these  few  fundamental  propositions  should  be  observed  in 
future  legislation  and  administrative  regulations,  commercial 
strengths,  or  proofs^  may  be  infinitely  varied  with  the  capricious 
tastes  and  wishes  of  the  dealers  and  consumers,  without  rendering 
it  necessary  to  modify  existing  laws;  nor  will  the  laws  interfere 
with  commercial  interests  or  convenience.  The  svstem  adopted  by 
the  government  will  be  perfectly  simple,  intelligible,  and  just;  and 
its  simplicity  will  render  frauds  of  much  more  difficult  achieve* 
ment. 

Fortunately,  also,  at  the  present  time  the  tariff  levies  duties  pro- 
portional to  the  values  of  spirituous  liquors,  and  is  therefore  ex- 
actly adapted  to  the  introduction  of  a  new  mpde  of  expressing 
their  strengths  by  per  cent,  of  the  article  contained  which  gives 
value  to  the  compound,  ins^ad  of  by  arbitrary  and  technical  names 
of  no  very  definite  meaning,  such  ^s  first  pro€j^  second  proof  j  if  c. 


CHAPTER  I. 

On  the  researches  relative  to  the  specific  gravities  of  alcoholic  li- 
quorSf  made  by  authority  of  European  governments^  or  hy  private 
persons  J  for  scientific  purposes. 

15.  For  the  British  government ^  5y  Messrs.  Oilpin  and  Blagden^ 
By  far  the  most  elaborate  and  accurate  investigations  ever  pub- 
lished, in  relation  to  the  specific  gravities  of  alcoholic  liquors,  are 
those  to  which  this  section  refers.  I  have  alfieady  stated  briefly^ 
in  page  71  of  my  previous  report,  the  reasons  for  the  high  degree 
of  confidence  to  which  the  researches  of  these  gentlemen  are  most 
justly  entitled;  but  that  it  may  fully  appear,  not  only  why  they 
are  to  be  regarded  as  exact,  but  also  why  I  have'  seen  fit  to  treat 
them  as  standard  results^  (except  in  a  few  particular  instances,)  I 
shall  here  ffi^e  a  complete  account  of  these  experiments,  employ- 
ing as  much  as  possible  the  actual  words  used  by  Messrs.  Gilpin 
and  Blagden  in  their  original  papers,  published  in  the  Philosophical 
Transactions  of  the  Royal  Society,  for  the  years  1790^  1792^  ^ti* 
1794. 
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16.  This  account  will  also  serve  to  show  that  researchesi  ia^ 
tended  for  similar  purposes  and  made  under  the  authority  of  other 
goyernmentSj  should  not  be  performed  rouffhljr  or  by  unskilful  per- 
8on8|  if  they  are  designed  to  become  the  basis  of  correct  legisla- 
tron  with  reference  to  the  determination  of  the  strengths  and  cor- 
responding values  of  alcoholic  liquors.  For  certainly,  if  all  the 
toil,  expense,  and  pains  of  several  years'  work,  required  by  the 
researches  of  Messrs.  Gilpin  and  Blagden,  was  considered,  not  only 
by  the  British  government, but  by  the  Royal  Society,  indispensable 
to  avoid  errors  of  considerable  magnitude,  it  may  well  be  inferred 
that  a  similar  task  is  one  of  difficulty,  and  which  demands  skill, 
care,  and  labor  on  the  part  of  the  performer. 

17.  The  researches  of  Messrs.  Gilpin  and  Blagden  were  under- 
taken ^^  in  consequence  of  an  application  from  government  to  Sir 
Joseph  Banks,  bart.,  president  of  the  Royal  Society,  for  the  best 
means  of  ascertaining  the  just  proportion  of  duty  to  be  paid  by 
any  kind  of  spirituous  liquor  that  should  come  before  the  officers 
of  excise." 

^^  The  first  step  towards  a  right  performance  of  the  experiments 
was  to  procure  water  and  alcohol  as  pure  as  possible.  Distilled 
water  is  in  all  cases  so  nearly  alike,  that  no  difficulty  occurred 
with  regard  to  it ;  but  the  specific  gravity  of  alcohol  had  been 
given  so  very  di£ferently  by  authors  who  had  treated  of  it,  that  a 
particular  set  of  experiments  appeared  necessary  for  determining 
to  what  degree  of  strength  rectified  spirits  could  conveniently  be 
brought. '^  These  experiments  were  confided  to  Dr.  DoUfuss,  a 
Swiss  chemist  residing  in  London;  several  distillers  also  attempted 
to  manufacture  absolute  alcohol;  but  the  results  were  entirely  un- 
successful. Messrs.  Gilpin  and  Blagden,  therefore,  adopted  alco- 
hol of  the  specific  gravity  0.825  at  60^  Fahrenheit — water  being 
unity  at  the  same  temperature — as  a  standard  to  which  all  other 
spirituous  liquors  might  be  referred. 

18.  ^^  The  mixtures  were  made  bv  weight,  as  the  only  accurate 
method  of  fixing  the  proportions.  A  phial  being  provided  of  such 
size  that  it  should  be  nearly  full  with  the  mixture,  was  made  per- 
fectly clean  and  dry,  and  being  counterpoised,  as  much  of  the  pure 
spirit  as  appeared  necessary  was  poured  into  it.  The  weight  of 
this  spirit  was  then  ascertained,  and  the  weight  of  distilled  water, 
required  to  make  a  mixture  of  the  intended  proportions,  was  calcu- 
lated. This  quantity  of  water  was  then  added  with  all  the  neces- 
sary care;  the  last  portions  being  put  in  by  means  of  a  well  known 
instrument,  which  is  composed  of  a  small  dish,  terminating  in  a 
tube  drawn  to  a  fine  point:  the  top  of  the  dish  being  covered  with 
the  thumb,  the  liquor  in  it  is  prevented  from  running  out  through 
the  tube  by  the. pressure  of  the  atmosphere,  but  instantly  begins  to 
issue  bv  drops,  or  a  very  small  stream,  upon  raising  the  thumb. 
Water  being  thus  introduced  into  the  phial,  till  it  exactly  counter- 

poised  the  weighty  which,  having  been  previously  computed,  was 
put  into  the  opposite  scale,  tti^  ^pWiV^^t^  ^V^V^u^^^A  ikea  well 
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stopped  with  its  glass  stopple,  over  which  leather  was  tied  very 
tight}  to  prevent  eTsporation.  No  mixture  was  used  till  it  had  re- 
mained in  the  phial  at  least  a  month,  for  the  full  penetration  to 
h-ve  taken  place;  and  it  was  always  well  shaken  before  it  was 
poured  out  to  have  its  specific  grayity  tried." 

19.  In  the  weighings' which  were  made  by  Mr.  Oilpin,  ^Mhe  yes- 
fMl  chosen  as  most  conyenient  for  the  purpose  was  a  hollow  glass 
ballf  terminating  in  a  neck  of  a  small  bore.  As  the  balance  was 
so  extremely  accurate)  it  was  thought  expedient  to  use  one  of  only 
2,966  grains  capacity,  as  admitting  the  heat  of  any  fluid  contained 
in  it  to  be  more  nicely  determined.  The  ball  of  this  vessel,  which 
may  be  called  the  weighing  bottle,  measured  about  2.8  inches  in 
diameter,  and  was  spherical,  except  a  slight  flattening  on  the  part 
opposite  to  the  neck^  which  served  as  a  bottom  for  it  to  stand 
upon.  Its  neck  was  formed  of  a  portion  of  a  barometer  tube  .25 
of  an  inch  in  bore  and  about  1^  inch  long;  it  was  perfectly  cylin- 
drical, and  on  its  outside,  very  near  the  middle  of  its  length,  a  fine 
circle  or  ring  was  cut  round  it  with  a  diamond,  as  the  mark  to 
which  it  was  to  be  filled  with  the  li<|uor.  This  mark  was  made  by 
fixing  the  bottle  in  a  lathe,  and  turning  it  round  with  great  care  in 
contact  with  the  diamond.  The  glass  of  this  bottle  was  not  very 
thick;  it  weighed  916  grains,  and,  with  its  silver  cap,  936. 

<^  When  the  specific  gravity  of  a  liquor  was  to  be  taken  by  means 
of  this  bottle,  the  liquor  was  first  brought  nearly  to  the  required 
temperature,  and  then  the  bottle  was  filled  with  it  up  to  the  begin- 
ning of  the  neck  only,  that  there  might  be  room  for  shaking  it.  A 
very  fine  and  sensible  thermometer  was  then  passed  through  the 
neck  of  the  bottle  into  the  contained  liquor,  which  showed  whether 
it  was  above  or  below  the  intended  temperature.  In  the  former 
case  the  bottle  was  brought  into  colder  air,  or  even  plunged  for  a 
moment  in  cold  water;  the  thermometer  in  the  mean  time  beins 
frequently  put  into  the  contained  liquor,  till  it  was  found  to  sink 
to  the  right  point.  In  like  manner,  when  the  liquor  was  too  cold 
the  bottle  was  brought  into  warmer  air,  immersed  in  warm  water, 
or  more  commonly  held  between  the  hands,  till  upon  repeated  trials 
with  the  thermometer  the  just  temperature  was  found.  It  will  be 
understood  that  during  the  course  of  this  heating  or  cooling,  the 
bottle  was  very  frequently  shaken  betv.een  each  immersion  of  the 
thermometer;  and  the  top  of  the  neck  was  kept  covered,  either  with 
the  fineer,  or  a  stiver  cap  made  on  purpose,  as  constantly  as  possi- 
ble. Hot  water  was  used  to  raise  the  temperature  only  in  heats  of 
80^  and  upwards,  inferior  heats  being  obtained  by  applying  the 
hands  to  the  bottle.  When  the  hot  water  was  employed,  the  ball 
•of  the  bottle  was  plunged  into  it  and  again  quickly  lifted  out,  with 
the  necessary  shaking  interposed,  as  often  as  was  necessary  for 
•communicating  the  required  heat  to  the  liquor;  but  care  was  taken 
to  wipe  the  bottle  dry  after  each  immersion,  before  it  was  shaken, 
lest  any  adhering  moisture  might  by  accident  get  into  it.  The 
liquor  having,  by  these  means,  been  brought  to  the  desired  tem« 
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peratare,  the  next  operation  wai  to  fill  up  the  bottle  exactly  to  the 
mark  upon  the  neck,  which  was  done  with  aonie  of  the  same  liquoii 
by  means  of  a  glass  funnel  with  a  very  small  bore.  Mr.  Gilpin 
endeavored  to  get  that  portion  of  the  liquor  which  was  employed 
for  this  purpose,  pretty  nearly  to  the  temperature  of  the  liquor 
contained  in  the  bottle;  but  as  the  whole  quantity  to  be  added  never 
exceeded  ten  grains,  a  difference  of  ten  degrees  in  the  heat  of  that 
small  quantity,  which  is  more  than  it  ever  amounted  to,  would  have 
occasioned  an  error  of  only  ^V  ^^  ^  degree  in  the  temperature  of 
the  mass.  Enough  of  the  liquor  was  put  in  to  fill  the  neck  rather 
above  the  mark,  and  the  superfluous  quantity  was  then  absorbed  to 
(Treat  nicety,  by  bringing  into  contact  with  it  the  fine  point  of  a 
small  roll  of  blotting  paper.  As  the  surface  of  the  liquor  in  the 
neck  would  be  always  concave,  the  bottom  or  centre  of  this  con- 
cavity was  the  part  made  to  coincide  with  the  mark  round  the 
glass;  and  in  viewing  it,  care  was  taken  that  the  near  and  opposite 
sides  of  the  mark  should  appear  exactly  in  the  same  line,  by  which 
means  all  parallax  was  avoided.  A  silver  cap,  which  fitted  tight, 
was  then  put  upon  the  neck  to  prevent  evaporation;  and  the  whole 
apparatus  was,  in  that  state,  laid  in  the  scale  of  the  balance,  to  be 
weighed  with  all  the  exactness  possible. 

<^20.  The  spirit  employed  by  Mr.  Gilpin  was  furnished  to  him 
by  Dr.  Dollfuss,  under  whose  inspection  it  had  been  rectified  from 
rum  supplied  by  government.  Its  specific  gravity  at  60  degrees  of 
heat  was  .82514.  It  was  first  weighed  pure,  in  the  above  mentioned 
bottle,  at  every  five  degrees  of  heat  from  30^  to  100^  inclusively. 
Then  mixtures  were  formed  of  it  and  distilled  water,  in  every  pro- 
portion from  j\Xh  of  water  to  equal  parts  of  water  and  spirit;  the 
quantity  of  water  added  being  successively  augmented,  in  the  pro- 
portion of  five  grains  to  one  hundred  of  the  spirit;  and  these  mix- 
tures were  also  weighed  in  the  bottle,  like  the  pure  spirit,  at  every 
5  degrees  of  heat.  The  numbers  hence  resulting  are  given  in 
Table  I.,  where  the  first  column  shows  the  degrees  ef  heat;  the 
second  gives  the  weight  of  the  pure  spirit  contained  in  the  bottle 
at  those  different  degrees;  the  third  gives  the  weight  of  a  mixture 
in  the  proportions  of  100  parts  by  weight  of  that  spirit  to  5  of 
water;  and  so  on  successively  till  the  water  and  the  spirit  are  in 
equal  parts.  The  bottle  itself,  with  its  cap,  having  been  previously 
counterpoised,  these  numbers  are  the  weights  of  the  liquor  con- 
tained in  it  in  grains  and  hundredths  of  a  grain.  They  are  the 
mean  of  three  several  experiments  at  least,  as  Mr.  Gilpin  always 
filled  and  weighed  the  bottle  over  again  that  number  of  times,  if 
not  oftener.  The  heat  was  taken  at  the  even  degree,  as  shown  by 
the  thermometer,  without  any  allowance  in  the  first  instance,  be- 
cause the  coincidence  of  the  mercury  with  a  division  can  be  per- 
ceived more  accurately  than  any  fraction  can  be  estimated;  and 
the  errors  of  the  thermometers,  if  any,  it  was  supposed  wouU  be 
less  upon  the  grand  divisions  of  6  degrees  than  in  any  others.  It 
must  be  observed,  that  Mr.  Gilpin  used  the  same  mixture  through- 
out all  the  different  temperatures,  heating  it  up  from  30^  to  100^; 
hence  some  small  error  in  its  alten^\.\i  m^^  \kvi%  \^^^\i  occasioned^ 
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in  the  higher  degrees,  hy  more  spirit  evaporating  than  ^ater;  but 
this,  it  is  believed,  must  have  been  trifling,  and  greater  incon- 
Tenience  would  probably  have  resulted  from  interposing  a  fresh 
mixture. 

21.  ^^  In  order  to  deduce  the  specific  gravities  from  the  numbers 
in  the  annexed  talfle,  it  was  necessary  to  weigh  distilled  water  in 
the  same  vessel. 


27 


[se] 


418 


bo 


be 


CO 

2653.54 
47.30 
41.02 
34.68 

2628.26 
21.77 
15.26 
03.72 
02.14 

2595.43 
88.61 
8U91 
75.20 
68.18 

2561.28 

+ 

^ 

Sp^fSSSSS'Si^SJSSS 

+ 

SS            8         8         <N 

1 

o 

■a 
1 

• 

a 

S§gSSSS53S2S^SSS 

+ 
1 

S       w             8               <N 

s 

g^g^sssssssss^ss 

s 
1 

8 

+ 

,  8 

SSS5:gSIoS5SaS2§2 
8          8         8               8 

•ft 

ss;sssiBszsssss«s 

OR 

e 
'5 

+ 
1 

as       ass 

tb 

...._. 

§ 

O 

g$gi2gg£ggSSS«S 

+ 

a      a-     s          s 

o 

$§gSSSSSS5§§SSS 

+ 

I 

2S2§gsggsgss5S;sa 
a       s       s     s     s 

^c-* 

• 

0 

*o 

S 

.  CO  «o  '^  «  «c  ->r  «c  X  «  lO  .ft  o  ift  'T 

:^            S         §^         Si 

•Ojnit)Jd< 

LlttlOX 

.,o  >ri  o  >c  o  »«  c  ift  c  if^  o  «ft  o  »o  o 

^po  M  T  rr  ^  la  5  -^  t-  1-  oc  X  X  ^  o 

419 


[56] 


g 

2a!?SSg;SSSSJ:§§SS 

. 

+ 

1 

C<                  04                  M                             S 

s 

?iSSS^!2;SiSSSS^SS 

*S 

+ 

SS«SgSgSgSSg2g| 

2 

tt 

^ 

•& 

i^ 

8f.Sg832gSgS2SS1g 

• 

1- 

Ep 

+ 
s 

s      g        s        s 

e 

c 
o 
O 

1 

**** 

1 

s 

sss&^!o»s;ioS!;sggsgl 

^ 
1 

+ 
s 

*^^^        Sis 

1-^ 

9: 

1 

s 

• 

•J 

?SSaS?i5SSJ:!;5gg  = 

< 

••• 

'e. 

+ 
s 

s      s        s        i 

••• 

t 

^ 

85S:2§lgSggSSSS25 

s 

+ 

gSSS|35:SS|sisBo'S 

o 

3?Sg8ag5S8Sgl:2S 

+ 

I 

2669 

63 

57 

50 
2614 

38. 

31. 

25. 
2618. 

12. 

05. 
2598. 

92. 

85. 
2573. 

■3jniSJ3 

1 

oSS?352SgSgSgS§SS 

[50] 


490 


W 
C        ft 

•5   s 

a      ^ 


.8 

SS§Sggggg?5gSSS 

+ 

s;       s<         $4         s< 

t 

f^ 

S 

5S2gJsS£S8SS5:§!5;g 

S 

£5         S            R            S 

f 

s 

5;ss2gsg5ssiiass?ss 

+ 
s 

2779 
73 
67 
62 

2766 
60 
44 
38 
32, 

2726. 
19. 
13. 
07. 
01. 

2694. 

a 
3 

s 

•  s^ssgjsssgjggssss 

i 

s 
1 

+ 
I 

g2gSg^Sg^t:::g|g| 

o"                r*                1^                V      (O 

■.-<                    W                    d                    MM 

§ 

5£S5;S5S!;§§S;S?5SS 

+ 
s 

S         ^         S       S       S 

12 

!S§£mSSSSSS!5S{:S8S 

+ 
s 

eS             «                S                 M 





-. 

'tjn)«j» 

dcuax 

°§Sfi5SgSlggS§Sg£| 

431  [50J 

22.  In  computing  the  specific  grarities  from  the  results  of  table 
Ij  ^^  the  expansion  of  hollow  glass  was  taken  from  General  Roy's 
experiments  in  the  LXXVth  volume  of  the  Philosophical  Transac- 
tions,  as  .0000617  of  an  inch  upon  a  foot  for  every  degree  of  heat; 
whence  its  effect,  in  enlarging  the  capacity  of  a  sphere,  was  com- 

fluted,  and  the  resulting  correction  added  to  the  weight  of  the 
iquors  in  heats  below  60^,  and  subtracted  from  it  in  heats  above." 
^^  Another  correction  also  became  necessary,  on  account  of  a 
part  of  the  stem  of  the  thermometer,,  which  was  not  immersed  in 
the  li(}uor.  This  instrument,  made  by  Ramsden,  had  its  ball  .22 
of  an  inch  in  diameter,  and  its  stem  13  inches  in  length.  From 
the  ball  to  the  commencement  of  the  scale,  3.6  inches  of  the  stem 
were  bare,  and  then  the  scale  began,  which  reached  from  15  to  110 
degrees.  The  part  of  it^particularly  made  use  of  in  these  experi- 
ments, namely,  from  30^  to  100^,  measured  6.82  inches.  The  scale 
was  made  of  ivory,  and  carried  divisions  to  every  fifth  of  a  degreey 
the  quarters  of  which  could  be  readily  estimated  ;  so  that  the  in- 
strument could  be  read  off  to  twentieths  of  a  degree.  When  the 
thermometer  was  immersed  in  the  weighing  bottle,  the  liquor 
reached  up  nearly  to  what  would  have  been  0^  upon  its  stem; 
hence,  as  the  heat  of  the  room  in  which  the  experiments  were 
made  remained  about  66^,  the  correction  for  the  different  heat  of 
the  quicksilver  in  the  stem  from  that  in  the  ball  of  the  thermo- 
meter was  calculated  according  to  Mr.  Cavendish's  table,  given  in 
the  LXVIIth  volume  of  the  Philosophical  Transactions.  Thus  the 
real  heat  of  the  fluid  in  the  weighing  bottle  being  found,  an  allow- 
ance was  made  to  reduce  it  to  the  exact  degree  indicated  on  the 
^cale  of  the  thermometer." 

23.  ^^  The  precise  specific  gravity  of  the  pure  spirit  employed 
was  .82314;  out,  to  avoid  an  inconvenient  fraction,  it  was  taken 
in  constructing  table  2,  of  specific  gravities,  as  .825  only,  a  pro- 

Sortionable  deduction  being  made  from  all  the  other  numbers, 
'bus  the  following  table  gives  the  true  specific  gravity  at  the  dif- 
ferent degrees  of  heat,  of  a  pure  rectified  spirit,  whose  specific 
-gravity,  at  60^,  is  0.825,  together  with  the  specific  gravities  of 
different  mixtures  of  it  with  water,  at  those  different  temperatures, 
as  far  as  equal  parts  by  weight." 
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24.  In  justification  of  their  adoption  of  the  above  described 
method  for  determining  the  specific  gravities  in  preference  to  that 
of  weighing  an  nmmersed  body,  Messrs.  Gilpin  &  Blagden  assign 
the  following  reasons  :  ^^  When  a  ball  of  glass,  which  is  the 
properest  kind  of  solid  body,  is  weighed  in  any  spirituous  or 
watery  fluid,  the  adhesion  of  the  fluid  occasions  some  inaccuracy, 
and  renders  the  balance  comparatively  sluggish.  To  what  degree 
this  effect  proceeds, is  uncertain;  but, from  some  experiment9  made 
by  Mr.  Gilpin,  with  that  view,  it  appears  to  be  very  sensible. 
Moreover,  in  this  method  a  large  surface  must  be  exposed  to  the 
air  during  the  operation  of  weighing,  which,  especially  in  the 
higher  temperatures,  would  give  occasion  to  such  an  evaporation 
as  to  a^iter  essentially  the  strength  of  the  mixture.  It  seemed, 
also,  as  if  the  temperature  of  the  fluid  under  trial  could  be  deter- 
mined more  exactly  in  the  method  'of  filling  a  vessel  than  in  the 
other ;  for  the  fluid  cannot  well  be  stirred  while  the  ball  to  be 
weighed  remains  immersed  in  it;  and  as  some  time  must  necessarily 
be  spent  in  the  weighing,  the  change  of  heat  which  takes  place 
during  that  period  will  be  unequal  through  the  mass,  and  may 
occasion  a  sensible  error.  It  is  true,  on  the  other  hand,  that  in 
the  method  of  filling  a  vessel,  the  temperature  could  not  be  ascer- 
tained with  the  utmost  precision,  because  the  neck  of  the  vessel  em- 
ployed, containing  about  ten  grains,  was  filled  up  to  the  mark  with 
spirit  not  exactly  of  the  same  temperature,  as  will  be  explained 
presently;  but  this  error,  it  is  supposed,  would  by  no  means  equal 
the  other;  and  the  utmost  quantity  of  it  may  be  estimated  very 
nearly.  *  Finally,  it  was  much  easier  to  bring  the  fluid  to  any 
given  temperature,  when  it  was  in  a  vessel  to  be  weighed,  than 
when  it  was  to  have  a  solid  body  weighed  in  it;  because,  in  the 
former  case,  the  quantity  was  smaller,  and  the  vessel  containing  it 
more  manageable,  being  readily  heated  with  the  hand  or  warm 
water,  and  cooled  with  cold  water;  and  the  very  circumstance 
that  so  much  of  the  fluid  was  not  required,  proved  a  material 
convenience.  The  particular  disadvantage  in  the  method  of  weigh- 
ing in  a  vessel,  is  the  difficulty  of  filling  it  with  extreme  accuracy; 
but  when  the  vessel  it;  judiciously  and  neatly  marked,  the  error 
of  filling  will,  with  due  care,  be  exceedingly  minute.  By  several 
repetitions  of  the  same  experiment,  Mr.  Gilpin  seemed  to  bring  it 
within  the  TTKirth  part  of  the  whole  weight.*' 

^'  Perhaps  some  persons  may  object  to  the  preceding  experiments 
on  account  of  the  small  quantities  mixed  and  weighed.  Undoubt- 
edly, experiments  on  a  large  scale  have  some  advantages,  but  these, 
in  general,  depend  more  on  the  coarseness  of  tools,  and  clumsiness 
of  operators,  than  on  the  nature  of  the  operations.  If  instruments 
be  exceedingly  exact,  and  the  experimenter  equal  to  the  task  of 
using  them  properly,  the  errors  upon  moderate  quantities  will  be 
quite  as  small  in  proportion  as  upon  large;  and,  in  this  particular 
instance,  when  the  greatest  source  of  error  lay  in  the  determination 
of  the  heat,  the  smaller  quantities  bad,  in  that  respect,  an  evident 
advantage;  it  being  much  easier  to  bring  six  ounces  of  a  liquor  to 
an  uniform  temperature  than  so  many  gaUous.    Oti^  ^l  ^nvx^si^^x. 
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essential  instruments,  namely,  the  balance,  was  so  much  superior 
in  nicety  to  anything  that  could  be  wanted  in  these  experiments^ 
that  error  in  weighing  must  be  thrown  entirely  out  of  the  question. 
It  was  constructed  by  Mr.  Ramsden;  and  some  account,  though 
very  imperfect,  of  its  admirable  mechanism,  as  well  as  of  its  .ex- 
treme sensibility,  even  when  loaded  with  considerable  weights,  has 
been  given  in  the  23d  volume  of  the  Journal  'de  Physique.'' 

25.  Two  years  after  the  report  had  been  published,  from  which 
the  above  extracts  have  been  made,  Messrs.  Blagden  &  Gilpin 
made  a  second  or  supplementary  report.*  In  this  it  is  stated,  that  the 
first  report  having  been  ^^  drawn  up,  when  the  experiments  had  been 
continued  only  to  equal  quantities  of  alcohol  and  water,  it  was 
foreseen  that  a  fuither  set  of  experiments,  on  more  dilute  liquors, 
would  be  wanted;  but,  as  th^se  must  necessarily  take  up  a  con* 
siderable  time,  the  persons  concerned  thought  it  best  to  submit 
those  already  made  to  the  public;  that  if  errors  or  inaccuracies 
should  be  discovered  they  might  be  avoided,  and  if  any  person 
should  suggest  a  better  method  it  might  be  adopted  in  the  subse- 
quent proceedings.  As  no  censure  had  yet  been  passed  on  our 
lormer  experiments,  the  same  general  method  was  pursued  for  the 
new  series;  with  a  small  variation,  however,  the  reason  of  which  is 
now  to  be  explained." 

^^  In  the  report  on  the  first  experiments,  the  following  remark  is 
introduced:  ^  It  must  be  observed  that  Mr.  Gilpin  used  the  same 
mixture  throughout  all  the  dilFerent  temperatures,  heating  it  up 
from  30°  to  100^?  aence,  some  small  error  in  its  strength  may  have 
been  occasone.I  in  the  higher  degrees,  by  more  spirit  evaporating 
than  water;  but  this,  it  is  believed,  must  have  been  trifling,  and 
greater  inconvenience  would  probably  have  resulted  from  inter- 
posing a  fresh  mixture.'  The  consciousness  that  such  a  source  of 
error  existed,  made  us  desirous  of  ascertaining  to  what  quantity 
it  amounted,  by  some  previous  experiments,  before  the  new  set 
should  be  begun.  These  showed  that  it  was  somewhat  greater 
than  had  been  supposed,  though  not  such  as  ever  to  cause  a  differ- 
ence of  more  than  a  single  unit  in  the  third  place  of  decimals,  even 
in  the  temperature  of  100^.  The  greatest  difference  found  in  that 
degree  of  heat  was  .00094;  and  in  a  heat  of  80^,  the  highest  to 
which  the  tables  for  use  were  to  be  carried,  it  amounted,  only  to 
0.00064;  being  in  both  cases  greatest  when  the  mijtture  consisted  of 
85  parts  of  water,  by  weight,  to  100  of  alcohol.  This  difference, 
however,  small  as  it  was,  afforded  sufficient  reason  for  repeating 
all  the  former  experiments,  conjointly  with  the  new  set  for  dilute 
spirits,  so  as  to  make  one  entire  series  with  the  same  spirit,  and 
executed  throughout  in  an  uniform  manner.  To  obviate  the  error 
from  evaporation  in  this  series,  and  ascertain  what  each  mixture 
really  lost  of  its  strength  during  the  operation,  all  the  fluids  were 
first  weighed  at  60^  before  they  were   cooled   down  to  30°;   from 
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30^  to  100^  tbey  were  weighed  at  every  5  (legrees,  as  before,  con- 
sequently a  second  time  at  60^;  and  lastly,  after  having  been  heated 
to  100^,  they  were  again  brought  to  60^,  and  weighed  at  that  point 
a  third  time.  The  difference  between  these  weights,  at  the  begin- 
ning, middle,  and  end  of  the  experiment,  was  applied,  in  due  pro- 
portion, to  correct  the  numbers  of  the  respective  intervals  between 
them;  by  which  means  it  is  believed  that  the  error  arising  from  the 
gradual  evaporation  of  the  spirit,  during  the  experiment,  has  been 
made  to  disappear.  Mr.  Gilpin,  having  also  observed  that  the 
spirits  adhering  to  the  sides  of  the  funnel  which  he  employed  to  fill 
up  the  weighing  bottle  grew  weak  by  the  evaporation,  and  so  di- 
luted the  fresh  spirit  poured  into  the  funnel,  determined  to  use  a 
smaller  instrument  of  this  kind,  namely,  such  an  one  as  would  not 
hold  more  than  15  grains  of  spirit;  in  which,  a  less  surface  being 
left  wet  when  the  spirit  ran  out,  the  error  from  this  cause  would 
be  proportionably  diminished." 

26.  ^^  Under  all  these  precautions  were  the  experiments  made,  of 
irhich  the  results  are  given  in  the  following  tables.  They  are  drawn 
up  exactly  like  the  tables  in  the  former  report ;  but,  as  alcohol  was 
taken  for  the  fixed  quantity  in  the  first  half,  so  water  is  taken  for 
the  fixed  quantity  in  the  last  half;  which,  therefore,  consists  of 
mixtures  containing  all  100  grains  of  water,  with  9&  grains,  90, 
85,  and  so  on  successively  of  alcohol,  till  the  last  column  is  pure 
water.  This  arrangement  will  be  clear  to  every  one  on  reading  the 
title' of  each  column  of  the  tables.  The  first  table  gives  the  actual 
weights  at  the  even  degree  of  the  thermometer,  corrected  for  the 
evaporation  ;  and  the  second  table  gives  the  specific  gravities,  cal- 
culated from  those  weights,  with  the  same  allowances  and  correc- 
tions as  were  specified  in  the  original  report." 
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27.  Although  the  first  series  of  results  of  Messrs.  Gilpin  and 
Blagden  escaped  criticism  until  the  second  series  had  been  per« 
formed,  yet  ^'  when  all  the  experiments  had  been  completed  and 
the  tables  given  were  just  brought  into  order,  an  ingenious  member 
of  the  Royal  Society  (Mr.  Ramsden)  scarcely  less  celebrated  for 
his  theoretical  knowledge  than  his  skill  as  an  artist,  published  a 
pamphlet  containing  censures  on  the  first  experiments,  and  pro- 
posing other  methods,  as  much  superior  to  those  adopted.'' 

Ip  answer  to  those  censures  they  remark:  ^^  This  pamphlet  makes 
it  necessary  to  assign  the  motives  of  our  preference,  that  the  public 
may  judge  how  far  wc  are  justified. 

^^  As  to  the  proportions  of  the  mixtures,  which  were  made  by 
taking  an  equal  quantity  of  spirit  in  every  instance,  and  adding  to  it 
successively  larger  quantities  of  distilled  water,  as  far  as  to  an 
equal  weight,  with  the  intention  of  going  through  the  watery  mix- 
tures on  the  same  plan.  This  was  done  for  the  following  reasons: 
1.  Because  it  was  thought  more  likely  to  avoid  blunders,  if  the 
quantity  of  only  one  of  the  ingredients  was  changeable,  that  the 
operator  might  not  have  his  attention  distracted  with  computing 
and  weighing  out  two  different  quantities  for  each  mixture.  2.  Be- 
cause by  this  progression  the  experiments  'come  closer  together 
about  the  medium  degrees  of  strength,  where  it'was  supposed  most 
accurac}(  would  be  wanted  'for  practice.  3.  As  it  was  thought 
from  the  first,  that  the  best  method  of  adjusting  the  duty  would  be 
by  the  absolute  quantity  of  alcohol  in  any  mixture,  rather  than  the 
proportion  per  cent.,  or  the  strength  above  or  under  proof,  it  was 
judged  most  expedient  not  to  make  the  mixtures  on  either  of  the 
two  last  mentioned  principles,  lest  an  undue  bias  should  be  given 
to  the  judgment,  merely  from  the  mode  of  conducting  the  experi- 
ments. No  real  difficulty  can  arise  in  forming  tables  of  any  kind 
out  of  these  numbers,  which  answer  to  an  harmonic  progression  of 
strength.  If  the  operation  be  tedious  to  obtain  the  specific  gravity 
of  any  single  proportion  per  cent,  or  otherwise  of  alcohol  and 
water,  the  trouble  of  reducing  the  whole  to  a  table  would  not  be 
great,  and  when  once  executed,  it  is  done  forever" 

28.  ^^  It  is  now  to  be  explained  why  we  undertook  to  determine 
the  effect  of  heat  and  cold  on  the  fluids  by  means  of  the  weighing 
bottle.  Wben,  preparatory  to  our  former  experiments,  that  part  of 
the  subject  came  under  our  consideration,  the  method  of  ascertain- 
ing the  expansions  and  contractions,  by  means  of  instruments  like 
thermometers,  was  one  of  the  first  that  presented  itself.  On  this 
occasion  Mr.  Cavendish  was  so  good  as  to  mention  some  experi- 
ments made  by  his  father,  Lord  Charles  Cavendish,  with  instru- 
ments on  that  construction,  for  the  very  purpose  of  determining 
the  expansion  of  fluids,  and  other  experiments  of  the  same  nature, 
have  appeared  in  print.  The  application  of  this  method,  however, 
was  thought  liable  to  a  most  important  objection,  from  the  great 
difficulty  there  is  of  being  sure  that  the  spirits  in  the  ball  are  ex-  • 

Mctljr  of  the  temperature  indicated  by  the  thermometer  placed  by 
tbe  side  of  it.     To  enlarge  \xpoii  \.V\s  wcxim^VwsL^^  ^^\Ad  he  use- 
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less,  as  every  person  accustomed  to  experiments  is  aware  that  all 
possible  precautions,  joined  to  the  utmost  attention  in  the  observeri 
are  scarcely  sufficient  to  insure  this  essential  correspondence  of 
temperature;  which  reason  alone  would  have  induced  us  to  prefer 
the  method  by  weight.  Bat  there  was  another  argument  which 
still  more  forcibly  determined  us  in  favor  of  the  latter;  namely, 
that  the  effect  of  mixture  was  found  in  that  waj,  and  therefore  we 
were  sure  it  admitted  of  as  great  accuracy  as  was  obtained  in  the 
other  part  of  the  experiments.  Greater  nicety,  if  there  had  been 
a  method  which  allowed  it,  would  have  been  superfluous;  and  to 
incur  the  risk  of  less  accuracy  would  have  been  absolutely  unjusti- 
fiable. By  using  the  same  method  to  determine  all  the  changes  of 
specific  gravity,  those  from  heat  as  well  as  those  from  mixture,  an 
uniformity  is  given  to  the  whole  series  of  experiments,  and  no  one 
part  of  the  results  is  liable  to  mor^  suspicion  than  another. 
)»  ^^  Till  this  time,  I  believe,  the  instruAents  with  a  ball  and  tube, 
for  trying  expansions,  had  all  been  constructed  in  the  manner  of 
real  thermometers,  to  be  filled  by  means  of  heat ;  which  circum- 
stance, and  the  trouble  attending  it,  was  a  further  objection  to 
their  use  ;  but,  in  the  pamphlet  above  mentioned,  are  proposed  two 
instruments  of  this  nature,  to  be  filled  without  heat — one  bein^ 
provided  with  two  equal  tubes,  the  other  with  a  short  tube,  closed 
Dj  a  stopper.  Though  both  these  instruments,  and  especially  the 
latter,  seemed  liable  to  several  causes  of  error;  yet,  to  remove 
deubt,  and  bring  the  method  by  weight  to  a  proper  test,  Mr.  Gil- 

Sin  was  desired  to  make  some  trials  with  them.  With  no  small 
ifficulty,  Mr.  Gilpin  got  the  instruments  executed;  and  an  account 
of  the  experiments  to  which  he  subjected  them  shall  be  given  in 
Jiis.own  words  at  the  end  of  this  report.*  From  the  perusal  of 
that  account,  it  will  be  perceived  that  the  disagreement  of  the 
experiments  among  themselves  is  nearly  equal  to  the  quaixtitv  by 
which  any  of  them  differ  from  the  expansions  as  obtained  by 
weight.  On  the  whole,  however,  they  give  the  expansion  some- 
what less,  the  cause  of  which  I  do  not  see;  possibly  it  may  depend 
on  the  fluid  in  the  ball  not  being  quite  heated  and  cooled  to  the 
degree  shown  by  the  accompanying  thermometer;  possibly  there 
may  be  a  difference  in  the  expansion  of  the  .^lass  with  which  the 
instruments  were  made,  and  that  of  the  we^hing  bottle;  for  these 
numbers  are  in  both  cases  the  excess  of  the  expansion  of  the  fluid 
over  glass ;  or  it  may  turn  on  some  other  circumstance  which  has 
eluded  our  attention.  Whatever  may  have  occasioned  the  deficiency, 
I  think  the  experiments  will  satisfy  any  one  that  most  dependence 
is  to  be  placed  on  the  weights;  and,  at  all  events,  the  difference  is 
not  such  as  to  affect  the  third  place  of  decimals,  or,  consequently, 
the  table  intended  for  practice." 

I  29.  "It  is  true  that  the  experiments  by  weight  took  up  much 
time,  and  demanded  great  patience.  But  I  believe  that  similar 
experiments,  by  the  methods  recommended  in  the  pamphlet,  if  ex- 

•  Phno9.  Trans.,  toI.  8t,  p.  43» .— VI%1. 
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ecuted  with  the  same  degree  of  accuracy,  would  be  found  not  muck 
less  tedious.  However  this  may  be,  it  is  a  consideration  of  bo 
consequence,  provided  the  results  at  length  obtained  be  right. 
Now,  of  these  there  is  no  direct  impeachment,  though  some  doubts 
are  thro\^n  upon  them  on  four  accounts — evaporation,  condensation 
of  moisture  on  the  weighing  bottle,  difficulty  of  shaking  the  fluid 
in  it,  and  uncertainty  in  determining  the  heat.  With  regard  to 
evaporation,  its  effect,  we  hope,  has  been  ascertained  and  allowed 
for  in  these  new  experiments.  All  error  from  condensation  of 
moisture  was  obviated  by  careful  wiping.  The  fluid  in  the  weigh- 
ing bottle  was  agitated  and  mixed  together  by  means  of  the  ther* 
mometer  immersed  in  it :  besides  which,  a  considerable  degree  of 
motion  could  be  given  to  it,  even  when  the  ball  was  very  nearly 
full,  by  shaking  the  bottle  in  various  directions.  Mr.  Gilpin's 
known  accuracy,  and  the  care  he  bestowed  on  these  experimentSj 
must  gain  hini  credit  for  having  duly  watched  the  thermometer,  so 
as  to  seize  the  moment  when  it  gave  the  just  temperature  of  the 
mass. 

"  Our  experiments  were  finished,  and  the  tables  now  given  were 
drawn  out,  before  the  appearance  of  Mr.  Ramsden's  pamphlet.  Yet, 
if  any  of  the  methods  he  proposed  had  been  realty  preferstble,  the 
whole  series  should  have  been  repeated  on  that  new  plan,  and  par* 
ticularly  with  regard  to  the  effect  of  heat,  if  the  instruments  for 
that  purpose  had  been  found  to  answer  the  character  given  of 
them.  But,  as  this  was  not  the  case,  we  have  thought  it  right  to 
adhere  to  an  obvious  and  direct  method,  in  which,  however  labori- 
ous, there  can  be  no.  fallacy,  and  the  uniformity  of  which  insures 
an  equal  degree  of  accuracy  to  every  part  of  the  operation." 

30.  With  reference  to  the  best  mode  of  determining  the  duty 
which  should  be  paid  upon  any  .liquor,  Mr.  Blagden,  in  bis  first  re- 
port, remarks:  "  The  simplest  and  most  equitaole  method  of  levy- 
ing the  duty  on  spirituous  liquors  would  be  to  consider  rectified 
spirit  as  the  true  and  only  excisable  matter.  On  this  principle  all 
such  liquors  would  pay  exactly  according  to  the  quantity  of  recti- 
fied spirit  they  contain;  so.  that  when  a  cask,  for  instance,  of  any 
spirits  was  presented  to  the  revenue  officer,  his  business  would  be 
to  determine  from  th^  quantity,  specific  gravity,  and  temperature 
of  the  liquor,  how  many  gallons,  or  pounds,  of  rectified  spirit  enter 
into  its  composition,  each  of  which  gallons  or  pounds  should  be 
charged  a  certain  sum.  The  complicated  regulations  attending  the 
adaptation  of  the  duties  to  different  degrees  of  strength  would  thug 
be  avoided;  and  it  is  believed  that  many  frauds  might  be  prevented^ 
which  artful  persons  have  now  an  opportunity  of  practising  by  al- 
tering the  strength  of  their  spirit  in  a  variety  of  ways.  From  the 
tables  alreaily  recommended,  it  would  be  easy  to  deduce  this  quan- 
tity of  rectified  spirit,  either  by  weight  or  measure,  in  any  given 
quantity  of  a  spirituous  liquor;  or  other  tables  might  be  constructed 
which  should  show  it  at  once  by  inspection. 

31.  ^^Ify  however}  it  be  tho\ight  b^  gov.ernmcnt  most  expedient 
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not  to  mtke  any  essential  change  in  the  present  manner  of  collect- 
ing this  article  of  the  revenue,  I  would  at  least  recommend  that 
the  specific  gravity  should  be  substituted  for  the  relation  to  proof 
spirit.  Thus,  instead  of  ordering  so  much  duty  per  gallon  to  be 
paid  by  spirits  one  to  six  under  proof,  it  may  be  enacted  that  the 
fame  sum  shall  be  paid  by  spirit  of  .9335  specific  gravity;  or,  not  to 
be  too  precise,  by  spirit  from  .930  to  .935,  and  so  on  for  any  other 
degrees  of  strength;  a  certain  temperature,  suppose  60^,  being 
always  understood  to  be  meant  when  specific  gravity  is  mentioned 
in  an  act  of  Parliament. 

^^  The  duties  to  be  laid,  according  to  either  of  these  methods, 
may  readily  be  adjusted  or  equaliz^  to  those  paid  at  present,  as 
far  as  the  latter  can  be  determined  from  act  of  2  George  IIL,  refer- 
red to  above,  or  by  any  of  the  instruments  now  in  use." 

32.  ^^  The  reasons  for  not  adopting  proof  spirit,  the  standard  to 
which  most  of  the  regulations  of  the  excise  have  hitherto  been  re- 
ferred, are:  First,  the  strength  of  spirit  to  be  called  proof  is  a 
mere  arbitrary  point,  and  by  no  means  so  exactly  determined  as 
could  be  wished.  And,  secondly,  that  it  seemed  most  convenient 
to  take  for  the  standard  the  highest  strength  of  spirit  usually  found 
in  commerce,  and  beyond  which  it  cannot  be  rectified  without  a 
process  of  some  expense;  so  that  all  the  other  degrees  of  strength 
might  be  reckoned  one  way,  without  the  intervention  of  a  middle 
point,  inducing  the  necessity  of  denominating  some  above  ^nd  others 
under.  If,  however,  government  should  find  it  expedient  to  preserve 
the  reference  to  proof  spirit,  from  the  tables  given  in  this  report, 
others  may  be  constructed  in  which  all  the  old  terms  of  over  and  un- 
der proof  should  be  retained,  and  have  a  precise  meaning,  as  soon  as 
the  strengfh  to  be  called  preof  shall  be  finally  settled.  By  the  act  of 
3  George  III.,  it  is  ordered,  that  the  gallon  of  brandy  or  spirits  of  the 
strength  of  one  to  six,  under  proof,  shall  betaken  and  reckoned  at 
7  lbs.  13  oz.,  which  is  un'derstdbd  by  the  trade  to  mean  at  65^  of 
li^eat.  Hence,  taking  the  weight  of  a  gallon  of  water,  at  the  same 
beat,  to  be  8  Iks.  5.66,  &c.,  oz.,  the  specific  gravity  of  this  diluted 
fpirit  will  be  found,  .9335,  at  60^;  whence,  by  a  computation 
founded  on  the  tables  in  this  report,  the  specific  gravity  of  proof 
spirit  will  come  out,  .916.  But  the  rulers  of  correction  belonging 
to  Dicas's  and   Quin's   hydrometers  give   the   specific   gravity  of 

Siroof  spirits,  about  .922,  at  55°;  equivalent  to  .920,  at  60°.  The 
brmer,  .916,  corresponds  to  a  mixture  of  100  parts  of  spirit  with 
412  by  measure,  or  75  by  weight,  of  water;  and  the  latter,  .920,  to 
a  mixture  of  100  parts  of  spirit  and  66  by  measure,  or  80  by  weight, 
of  water.  The  difference  is  considerable;  but  Jthe  first  is  undoubt- 
edly most  conformable  to  the  existing  acts  of  Parliament.  If, 
therefore,  it  be  thought  right  to  preserve  the  term  proof  spirit  in 
our  excise  laws,  it  may  be  understood  to  mean  spirit,  wht)se  spe- 
cific gravity,  is  .916,  and  which  is  composed  of  100  parts  of  recti- 
fied spirit,  at  .825,  and  62  parts  of  water  by  measure,  or  75  by 
weight;  the  whole  at  60  degrees  of  heat. 
"I  have  chosen  this  point  of  the  thermometer^  60°^  in  ^tefetenee 
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to  56%  became  it  is  much  the  most  suitable  for  experimental  betsf 
the  temperature  at  which  a  room  feels  pleasant,  and  in  which  tny 
operation,  however  slow  and  tedious,  can  be  executed  without  the 
uneasy  sensation  of  cold:  for  this  reason  it  has  been  adopted  by 
many  English  philosophers." 

33.  In  the  se6ond  or  aupplementary  report,  Mr.  Blagden  adds: 
^^  I  am  still  of  the  opinion,  that  the  best  way  of  laying  the  duty 
would  be  directly  on  the  quantity  of  alcohol  contained  in  any  com- 
position. As  the  same  principle  may  be  applied  in  estimating  the 
strength,  and  taking  stock.  I  will  mention  in  what  man'ner  the 
computation  can  be  most  readily  made.  From  the  numbers  in  this 
supplementary  report,  a  table  must  be  constructed,  on  the  top  of 
which  shall  stand  every  degree  of  heat,  from  40,  or  30,  to  80;  aod  at 
the  side  every*specific  gravity,  from  .825  to  1,000,  if  it  be  thought 
necessary,  or  as  much  as  will  answer  the  purpose.  The  places  of 
this  table  are  to  be  filled  up  by  computing  from  the  original  tables^ 
the  quantity,  by  measure,  of  alcohol  and  water  corre9ponding  to 
each  specific  gravity  and  degree  of  heat,  and  then  dividing  the 
quantity  of  alcohol  hj  the  whole  quantity  of  the  mixture;  thus  a 
decimal  multiplier  will  be  obtained,  which  must  be  put  in  the  com- 
partment of  the  table  formed  by  the  intersection  of  the  columns  of 
that  particular  heat  and  specific  gravity.  When  the  table  is  com- 
pleted in  this  manner,  we  have  only  to  multiply  the  contents  of 
any  cask,  as  found  on  guaging  it,  by  the  decimal  number  given  in 
the  table  for  the  heat  and  specific  gravity  of  the  liquor,  and  the 
product  wiil  be  the  quantity  of  pure  alcohol  it  contains.  Hence 
it  must  be  evident,  that  no  objection  can  lie  to  this  method  on  ac- 
count of  difficulty." 

34.  Finally,  in  the  third  and  last  report,  (a  second  interval  of 
two  years  having  elapsed,)  Messrs.  Gilpin  &  Blagden  give  a  table 
of  such  '^  decimal  multipliers,''  computed  from  the  data  contained 
in  the  table  of  the  supplementary  report,  and  ^^  by  means  of  which, 
the  quantity,  by  measure,  of.  standard  pure  spirit,  ef  .825  specific 
gravity,  at  60?  of  heat,  may  at  once  be  ascertained,  the  temperature 
and  specific  gravity  of  the  liquor  being  given;  pursuant  to  the  idea 
suggested  in  the  first  report,  that  ^  the  simplest  and  most  equitable 
method  of  levying  the  duty  on  spirituous  liquors  would  be,  to  con- 
sider rectified  spirit  (alcohol)  as  the  true  and  only  excisable 
matter.'  " 

From  the  table  to  which  reference  is  made,  the  following  leaa 
complete  one  has  been  compiled: 
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35.  Of  instruments  to  be  used  by  the  revenue  officers,  Messrs. 
Oilpin  and  Blagden  express  the  opinion  that  ^^  the  readiest  way  of 
ascertaining  specific  gravities,  and  undoubtedly  the  most  conveni- 
ent for  public  business,  is  by  hydrometers ;  and  those  of  the  sim- 
plest construction  are  best  upon  the  whole,  especially  if  more  accu- 
rate means  are  kept  at  hand  to  be  resorted  to  in  case  of  disputes. 
That  which  can  be  managed  with  the  greatest  facility  and  quick- 
ness, which  affords  the  least  opportunity  of  making  blunders,  which 
is  least  Jiable  to  be  out  of  order,  and  shows  most  immediately  if  it 
be  so,  will  unquestionably  prove  the  most  satisfactory  in  practice." 

To  glass  hydrometers  they  give  the  preference  ^'as  the  most  cer- 
tain," and  reject  those  of  copper  and  other  metals  ^^  on  account  of 
the  errors  which  small  and  almost  imperceptible  bruises  in  them 
might  occasion." 

As  disputes  will  sometimes  arise,  they  recommend  that  ^^  some  of 
the  principal  excise  officers  should  be  provided  with  a  good  pair  of 
scales  and  a  weighing  bottle  proper!y  marked,  the  quantity  of 
whose  contents  of  distilled  water  at  60^  had  been  previously  de- 
termined. By  filling  this  bottle  up  to  the  mark  with  the  spirit  in 
question,  and  dividing  its  increase  of  weight  by  the  given  weight 
of  water  required  to  fill  it,  the  specific,  gravity  of  the  spirit  would 
be  better  ascertained,  even  under  the  management  of  a  common  ope* 
rator,  than  by  the  most  dextrous  use  of  the  hydrometer." 

Subsequent  inquiries  of  the  British  government. 

36.  In  my  former  report  on  the  subject  of  hydrometers,  I  have 
remarked*  ^'  it  is  a  fact,  strange  and  unaccountable  as  it  may  ap- 
pear, that  though  Messrs.  Gilpin  and  Blagden  performed  their  task 
in  a  manner  which  could  not  have  been  surpassed,  and  obtained 
nearly  all  the  information  requisite  to  furnish  a  perfect  instrument 
and  system  of  inspection  for  spirits,  the  British  government  neg- 
lected to  apply  the  knowledge  obtained  to  its  legitimate  object  ; 
and  twenty  years  afterwards,  the  complicated,  imperfect  and  un- 
certain hydrometer  of  Sikes  was  established  by  law  as  that  to  be 
used  in  the  revenue  of  the  United  Kingdom,  though  its  basis  and 
method  of  construction  are,  to  a  great  extent,  arbitrary,  and  seem 
to  have  been*kept  secret  by  its  inventor  for  purposes  of  personal 
cinolument." 

That  1  am  correct  in  attributing  to  the  British  government  such 
neglect  and  erroneous  action  is  established  by  its  subsequent  appli- 
cation to  the  Royal  Society,  and  the  report  of  the  committee  to 
whom  the  matter  was  referred.  I  have  been  unable  to  find  that  re- 
port, for  which  I  have  searched  diligently,  both  in  the  published 
transactions  of  the  Royal  Society  and  in  the  British  Parliamentary 
documents,  and,  therefore,  I  extract  from  Ure's  Dictionaryf  the  only 
account  of  its  contents  to  which  I  have  been  able  to  refer. 


*Senato  docoment  No.  165,  28th  Congreii^  2d  leBtion.  pase  71. 
t  Ure'B  Dictionary  of  Arti  and  Manafaotorei,  page  20  :  LQiidoTi)l%4$\« 
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37.  ^^  The  importance  of  extreme  accuracy  in  determining  the 
density  of  alcoholic  mixtures  in  the  United  Kingdom,  on  account 
of  the  great  revenue  derived  from  them  to  the  State,  and  their  con- 
sequent high  price  in  commerce,  induced  the  Lords  of  the  Treasu- 
ry a  few  years  ago  to  request  the  Royal  Society  to  examine  the 
construction  and  mode  of  applying  the  instrument  now  in  use  for 
ascertaining  and  charging  the  duty  on  spirits.  This  instrument, 
which  is  known  and  described  in  the  law  as  Sykes's  hydrometer, 
possesses  in  many  respects  decided  advantages  over  those  formerly 
m  use.  The  committee  of  the  Royal  Society  state  that  a  definite 
mixture  of  alcohol  and  water  is  as  invariable  in  its  value  as  abso- 
lute alcohol  can  be,  and  can  be  more  readily  and  with  equal  accu- 
racytidentified  by  that  only  quality  or  condition  to  which  recourse 
can  be  had  in  practice,  namely,  specific  gravity.  The  committee 
further  proposed,  that  the  standard  spirit  be  that  which,  consisting 
of  alcohol  and  water  alone,  shall  have  a  specific  gravity  of  0  92  at 
the  temperature  of  62^  Fahrenheit,  water  being  unity  at  the  same 
temperature ;  or,  in  other  words,  that  it  shall,  at  62^,  weigh  x\?j  or 
II  of  an  equal  bulk  of  water  at  the  same  temperature. 

^'This  standard  is  rather  weaker  than  the  old  proof,  which  was 
|i  or  0.923;  or  in  the  proportion  of  nearly  1.1  gallon  of  the 
present  proof  spirit  per  cent.  The  proposed  standard  will  contain 
nearly  one-half  by  weight  of  absolute  alcohol.  The  hydrometer 
ought  to  be  so  graduated  as  to  give  the  indication  of  strength,  not 
upon  an  arbitrary  scale,  but  in  terms  of  specific  gravity  at  the  tern-  • 
perature  of  62^." 

38.  ^'The  committee  recommend  the  construction  of  an  equation 
table,  which  shall  indicate  the  same  strength  of  spirit  at  every 
temperature.  Thus,  in  standard  spirit  at  62^,  the  hydrometer  would 
indicate  .920,  which,  in  this  table,  would  give  proof  spirit.  It  that 
same  spirit  were  cooled  to  40°,  the  hydrometer  would  indicate 
some  higher  number;  but  which,  being  combined  in  the  table  with 
the  temperature  as  indicated  by  the  thermometer,  should  still  give 
proof  or  standard  spirit  as  the  result.^' 

39.  ^'It  is  considered  advisable,  in  this  and  the  other  tables,  not 
to  express  the  quality  of  the  spirit  by  any  number  over  or  under 
proof,  but  to  indicate  at  once  the  number  of  gallons  of  standard 
spirit  contained  in,  or  equivalent  to,  100  gallons  of  the  spirit  under 
examination.  Thus,  instead  of  saying  23  over  proof,  it  is  proposed 
to  insert  123;  and  in  place  of  35.4  under  proof,  to  insert  its  differ- 
ence to  100,  or  64.6." 

40.  ^4t  has  been  considered  expedient  to  recommend  a  second 
table  to  be  constructed,  so  as  to  show  the  bulk  of  spirit  of  any 
strength  at  any  temperature,  relative  to  a  standard  bulk  of  100 
gallons  at  62°.  In  this  table  a  spirit,  which  had  diminished  in 
volume,  at  any  given  temperature,  0.7  per  cent.,  for  example,  would 
be  expressed  by  99.3,  and  a  spirit  which  had  increased  at  any  given 
temperature  0.7  per  cent.,  by  100.7." 
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41.  ^^When  a  sample  of  spirit,  therefore,  has  been  examined  by 
the  hydrometer  and  thermometer,  these  tables  will  give  first  the 
proportion  of  standard  spirit  at  the  observed  temperature,  and  next 
the  xhange  of  bulk  of  such  spirit  from  what  it  would  be  at  the 
standard  temperature.  Thus,  at  the  temperature  of  51^,  and  with 
an  iadication  (Sp.  gr.)  of  .8240,  100  galloas  of  the  spirit  under 
examination  would  be  ^hown  by  the  first  table  to  be  equal  to  164.8 
gallons  of  standard  spirit  of  that  temperature;  and  by  the  second 
table  it  would  appear,  that  99.3  gallons  of  the  same  spirit  would 
become  100  at  62^,  or  in  reality  contain  the  164.8  gallons  of  spirit 
in  that  state  only  in  which  it  is  to  be  taxed." 

42.  '^  But  as  it  is  considered  that  neither  of  these  tables  can 
alone  be  used  for  charging  the  duty,  (for  neither  can  express  the 
actual  quantity  of  spirit  of  a  specific  gravity  of  0.92  at  62^  in 
100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or 
below  62"^,)  it  is  considered  essential  to  have  a  third  table,  com- 
bining the  two  former,  and  expressing  this  relation  directly,  so  that 
upon  mere  inspection  it  shall  indicate  the  proportion  of  standard 
spirit  in  100  gallons  of  that  under  examination  in  its  then  present 
state.  In  this  table  the  quantities  should  beset  down  in  the  actual 
number  of  gallons  of  standard  spirit,  at  62^,  equivalent  to  100  of 
the  spirit  under  examination;  and  the  column  of  quantities  may 
be  expressed  by  the  term  value^  as  it  in  reality  expresses  the  pro- 
portion of  the  only  valuable  substance  ^present.  As  it  will  be  the 
only  table  absolutely  necessary  to  be  used  with  the  instrument  for 
the  purposes  of  the  excise,  it  may,  perhaps,  be   thought  unneces- 

.  sary  to  print  the  former  two. 

^^  The  following  specimen  table  has  been  given  by  the  committee: 


Temperature  45^. 

Temperature  75^. 

Strength. 

Value. 

lodioatioa. 

Strength. 

Value. 

.9074 

114.5 

8941 

114.5 

77 

114.3 

44 

114.3 

79 

114.2 

45 

114.2 

81 

114.0 

48 

114.0 

83 

113.9 

49 

113.9 

85 

113.7 

52 

113.7 

•....a.. A 

86 

113.6 

53 

113.6 

89 

113.4 

66 

113.4 

90 

118.3 

••••...• 

67 

113.3 

93 

113.1 

59 

113.1 

^^  The  mixture  of  alcohol  and  water,  taken  as  spirit  in  Mr.  Gil- 
pin's tables,  is  that  of  which  the  specific  gravity  is  0.825  at  60^ 
Fahr.,  water  being  unitv  at  the  same  temperature.  The  specific 
gravity  of  water  at  60^   degrees  being   100.0  at  62^  it  is  99.981, 
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Hence^  in  order  to  compare  the  specific  gravities  i^iyen  by  Mr. 
Gilpin,  with  those  which  would  result  when  the  specific  gravity  of 
water  at  62?  is  taken  at  unity,  all  the  former  numbers  must  be  di- 
Tided  by  99.981." 

43.  ^^  Experiments  were  made,  by  direction  of  the  committee,  to 
Terify  Gilpin's  tables,  which  showed  that  the  error  ijitroduced  in 
ascertaining  the  strength  of  spirits  by  tables  founded  on  Gilpin's 
numbers,  must  be  quite  insensible  in  the  practice  of  the  revenue. 
The  discrepancies  thus  detected,  on  a  mixture  of  a  given  strength^ 
did  not  amount  in  any  one  instance  to  unity  in  the  fourth  place  of 
decimals.  From  a  careful  inspection  of  such  documents,  the  com- 
mittee are  of  opinion,  that  Gilpin's  tables  possess  a  degree  of 
curacy  far  surpassing  what  could  be  expected,  and  sufficiently  p 
feoffor  all  practicable  or  scientific  purposes." 


ac- 
per- 


44.  "  The  following  table  is  given  by  Mr.  Lubbock,  for  convert- 
ing the  apparent  specific  gravity,  or  indication^  into  triie  specific 
gravity:" 

TABLE  VI. 


1 

a 

* 

—  Temperature. 

30' 

32® 

37° 

420 

47° 

52*^ 

67° 

.82 

.00083 

.00078 

.00065 

.00052 

.00039 

.00025 

.00012 

.83 

84 

79 

66 

52 

39 

26 

12 

.84 

85 

80 

66 

53 

39 

26 

•   13 

.85 

86 

81 

67 

64 

40 

26 

13 

.86 

87 

82 

68 

54 

40 

27 

13 

.87 

88 

83 

69 

55 

41 

27 

13 

.88 

89 

84 

70 

55 

41 

27 

13 

.89 

90 

85 

70 

55 

42 

28 

13 

.90 

91 

85 

71 

56 

42 

28 

14 

.91 

92 

86 

72 

57 

43 

28 

14 

.92 

93 

87 

73 

68 

43 

29 

14 

.93 

94 

88 

73 

59 

44 

29 

14 

.94 

95 

89 

74 

59 

44 

29 

14 

.96 

96 

90 

75 

60 

45 

29 

14 

.96 

97 

91 

76 

60 

45 

30 

14 

.97 

98 

92 

77 

61 

46 

30 

15 

.98 

99 

93 

77 

62 

46 

30 

15 

.99 

.00100 

94 

78 

62 

47 

31 

15 

.100 

101 

95 

79 

63 

47 

31 

15 
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1 

+  Temperature. 

629 

670 

720 

770 

80® 

.82 

.83 
.84 
.85 
.86 
.87 
.88 
.89 
.90 
.91 
.92 
.93 
.94 
.96 
.96 
.97 
.98 
.99 
.IGO 

V 

•••••• 

.00011 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 

.00024 
24 
24 
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
28 
28 
28 
28 
29 

.00036 
36 
36 
37 
37 
37 
38 
38 
39 
39 
40 
40 
40 
41 
41 
42 
42 
43 

.00042 
42 
43 

£ 

45 
46 
46 
47 
47 
48 
48 
49 
49 
60 
60 

Investigations  for  the  Prussian  government^   by  Mr.  Tralles. 

45.  From  a  few  experiments  of  his  own,  the  celebrated  German 
chemist  Richter  had  constructed  hydrometers,  indicating  the  per 
cent,  of  alcohol  by  weight  contained  in  any  liquor.*  Of  these 
instruments  the  latest  and  most  improved  was  based  upon  the  fol- 
lowing dataf,  the  corresponding  temperature  being  16^  R.  ==68^ 
Fahr.: 


Per  cent,  of  alco- 
hol by  weight. 

Specific  gravity. 

100.00 
74.71 
66.60 
41.00 
32.14 

0.7920 
0.8600 
0.9010 
0.9340 
0.9526 

To  obtain  the  specific  gravities  and  the  graduation,  of  his  hy- 
drometer, Richter  interpolated  for  intermediate  per  cents.,  and  was 
thus  enabled  to  make  instruments  of  considerable  accuracy,  which 
were  adopted  by  the  government  and  generally  used  in  Prussia. 


46 
and.  not 


As  spirituous  liquors  are  always  bought  and  sold  by  volume^ 
)t  by  weighty  the  use  of  Richter's  hydrometer  required  trbuble- 


*  See  Sen.  Doo.  No.  165,  28th  Conffress  2d  lession,  p.  77. 

t  Handworterbach  der  Chemiei  Lieoig  and  V76V)\«C|No\.  \^'^.7\\)Y^^9i»« 
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some  palculations  to  be  made,  which  caused  much  los^  of  time  and 
frequently  error,  in  the  collection   of  the   revenue.     The  Prussian 

frovernment,  therefore,  requested  the  Academy  of  Sciences  of  Ser- 
in to  have  such  investigations  made,  as  might  be  found  necessary 
to  establish  a  convenient,  just,  and  accurate  mode  of  ascertaining 
the  relative* duties  to  be  paid  by  spirituous  liquors.  The  secretary 
of  the  academy,  Mr.  Tralles,  a  gentleman  distinguished  for  his 
skill  and  attainments  in  chemical  and  mathematical  science,  was 
entrusted  with  the  requisite  experiments  and  inquiries';  the  results 
of  which  furnished  the  basis  of  the  beautiful  method  which  was 
carried  into  operation  at  that  time,  A.  D.  1811,  by  the  Prussian 
governent;  and.lpirhich  has  since  been  adopted  by  France,  Sweden, 
Austria,  Belgium,  and  other  countries. 

47.  After  examining  Messrs.  Gilpin  and  Blagden's  reports  of 
their  researches,  Mr.  Tralles  determined  to  adorpt  their  results  as 
fundamental  data;  for  this  he  assigns  the  following  reasons,  which 
are  translated  from  his  report.* 

^^  The  relation  between  the  strength  and  the  specific  gravity  of  a 
liquor  can  be  determined  only  by  experiment.  Several  series  of 
investigations  relative  to  this  subject  have  been  performed;  but 
none  with  such  skill  and  care  as  those  made  under  the  direction  of 
the  Royal  Society  of  London,  at  the  request  of  the  British  govern- 
ment, for  the  purpose  of  ascertaining  the  proper  duties  to  be  levied 
on  spirituous  liquors.  In  France,  on  a  similar  occasion,  all  that  was 
done  was  to  publish  advice,  especially  for  the  construction  of  hy- 
drometers." 

'^  It  is  proper  to  give  a  more  full  account  of  the  above  mentioned 
experiments,  which  serve  as  data  for  the  table  I  have  computed, 
in  order  that  careless  experiments  may  not  meet  with  confidence 
to  which  they  are  not  entitled;  and  that  unnecessary  and  unautho- 
rized examinations  of  matters  fixed  by  law,  as  well  as  the  con- 
fusion they  would  produce,  may  be  prevented.  It  is  generally 
thought  that  such  experiments  can  be  easily  made  and  by  any  body, 
but  this  is  a  great  mistake;  to  furnish  precise  results,  they  demand 
great  skill,  and  can  only  be  made  with  such  apparatus  and  facili- 
ties as  private  philosophers  can  rarely  afford.  To  be  convinced  of 
this,  it  is  only  necessary  to  examine  the  experiments  performed  in 
England.  They  were  devised  and  executed  by  experienced  and 
highly  intelligent  observers,  and  yet  they  had  to  be  repeated  three 
times,  as,  after  each  series,  some  cause  of  error  was  detected.  It 
is  true,  thesis  experiments  were  attacked  by  a  highly  meritorious 
gentleman;  this  happened,  however,  before  the  last  series  were 
commenced,  and  when  these  were  published,  satisfactory  reasons 
were  given  in  justification  of  the  method  which  had  been  adopted." 

There  are  slight  errors  in  the  English  experiments,  to  which  Mr. 
Tralles  briefly  alludes,  and  then  adds:  "  They  are  more  than  suflS- 
ciently  exact.     It  will  be  allowed,  therefore,  not  to  recommend  to 

•  Gilbert's  Annalen,  B.  ^&,  tt.%,  \%V\,^.'iS^-^^^. 
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the  gOTernment,  as  a  basis,  other   experiments  less  complete   and 
authentic." 

48.  Of  the  errors  jast  mentioned  in  Messrs.  Gilpin  and  Blagden's 
work,  chi^flj  due  to  atmospheric  buoyancy,  Mr.  Tralles  subse- 
quently remarks:  "  Notwithstanding  the  great  care  with  which 
their  reports  to  the  Royal  Society  are  drawn  up,  I  do  not  find  men- 
tioned in  them,  whether  in  the  experiments  attention  was  paid  to 
the  temperature  and  density  of  the  air,  and  to  the  weight  of  the 
portion  of  air  in  the  bottle  which  is  removed  by  pouring  in  the 
liquid.  As  the  weighing  was  carried,  not  only  to  tenths,  but  even 
to  hundredths  of  a  grain,  this  ought  certainly  to  have  been  taken 
into  account.  The  balance  was  capable  of  indicating  such  diffe- 
rences, and  the  experiments  are,  therefore,  affected  with  errors, 
which  the  nicety  of  the  weighings  cannot  set  aside.  The  specific 
gravities  are  set  down  in  the  tables  to  0.00001;  to  0.0001  nearly 
they  may  be  right,  even  if  no  attention  was  paid  to  the  air,  as  its 
influence  would  change  the  results  only  a  little  more  than  one 
lOjOOOth  part — an  uncertainty  which  is  without  influence."* 

49.  Having  satisfied  himself  that  the  experiments  of  Messrs. 
Gilpin  and  filagden  possess  a  degree  of  accuracy  much  beyond  that 
required  for  revenue  purposes,  or  wb»ch  can  be  attained  in  less 
careful  work;  Mr.  Tralles  next  turned  his  attention  to  the  deter- 
mination of  a  proper  standard  to  which  all  other  liquors  might  be 
referred. 

We  have  already  seen  that  this  constituted  a  preliminary  and 
difficult  subject  of  inquiry  in  the  English  experiments,  (§  17,)  that 
unsuccessful  attempts  to  procure  pure  acohol  were  then  made  by 
both  distillers  and  by  a  skilful  chemist;  and  that  Messers.  Gilpin 
and  Bla^den,  therefore,  adopted  alcohol  of  the  specific  gravity 
0.825,  the  highest  degree  of  strength  usually  met  with  in  com- 
merce, as  the  standard  spirit  of  their  mixtures. 

Mr.  Tralles  endeavored  to  obtain  pure  alcohol  and  was  furnished 
by  the  distinguished  chemist.  Assessor  Rose,  with  two  specimens 
prepared  by  himself  at  different  times  with  great  care,  and  ren- 
dered as  free  from  water  as  possible.  Of  these  specimens,  Tralles 
found  one  to  be  of  the  specific  gravity  0.7984  at  60^  Fahrenheit, 
and  the  other  0.79876,  water  being  unity  at  the  same  temperature. 

In  1796,  Mr.  Lowitz  of  St.  Petersburg  published  a  method  of 
obtaining  alcohol  free  from  water,  by  which  he  was  enabled  to 
make  it  of  the  specific  gravity  0.791  at  16°  R,=68*=^  Fahrenheit. 
This  alcohol,  repeatedly  rectified  in  the  same  manner,  did  not 
become    lighter  when  it  was  distilled  by  itself;  tiie  first  and  last 


*  In  his  admirable  treatise  on  chemistry,  vol.  vi.»  p.  472,  of  the  first  French  edition,  Ber- 
zelins  speaks  of  this  uncertainty  in  Messrs.  G.  and  B.'s  experiments,  as  lollows:  **  This 
third  series  of  experiments  famishes  an  example  which  will  serve  to  show  how  difficalt  it  it 
to  foresee  every  cause  of  error  in  such  cases.  Gilpin  coriected  every  imperfection  which 
was  noticed  either  by  himself  or  others,  in  his  first  series  of  experiments,  and  yet  he  forgot 
to  take  into  account  the  air  displaced  by  the  liquids  weighed,  and  which  exerts  an  infiuenoft 
appribiable^  not  only  in  itself,  but  even  in  its  variation*  (ox  d\S^t«ox  Wc^m^vVx^  ^\^<Ki!Q.\t:y^ 
with  a  balance  as  seasible  as  that  he  employed.  Sl'iW  tiiia  iTkBLaetkee  \*  V\>>CiWi\.\TSiV«*VM*»'v^ 
praotioal  operationg,  for  the  speoifio  gravity  ledncdL  to  aTaewuiLm  v»x«b\^  ^v&^«^^S)^^* 
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portions  were  exactly  alike;  Mr.  Lowitz,  therefore,  considered  it 
pure  or  absolute. 

AIsOi  as  no  chemist  had  been  able  to  produce  alcohol  of  less 
density  than  that  of  Lowitz,  and  ^^as  Dr.  Ricbter  had  obtained 
alcohol  of  about  the  same  specific  gravity,  so  that  it  could  not  be 
sconsidered  a  hypothetical  substance,"  Tralles  deemed  it  expedient 
to   adopt  the  .specific    gravity  0.791  at  68^    Fahrenheit  as  that  of 

fiure  alcohol,  which  density  he  found  by  reduction    to    be  equiva- 
ent  to  0.7946  at  60^  Fahrenheit,  water    at  this  temperature  oeing 
unity.  , 

60.  The  details  of  the  above  mentioned  reduction  have  not  been 
published,  but  in  a  note  by  Gilbert,*  the  following  extracts  from 
the  original  memoranda  of  Tralles  are  given:  ^'The  specific  gravity 
of  water  being  unity  at  60^  Fahrenheit,  as  is  always  here  under- 
stood, that  of  Rosens  alcohol  was: — 

At  61^.3  Fahrenheit  ==  0.797840       I  Differenee. 

68  "  =0.794625  6«. 7  =0.003315 

68  .5  <'  =0.794490       |  7  .2  =  0.003350 

''From  the  first  result,  the  decrement  for  each  degree  Fahrenheit 
is  0.0005^  from  the  second  0.000465;  the  mean  being  0.00048. 
This  Professor  Tralles  takes  as  the  basis  of  the  reduction  to  60^ 
Fahrenheit.  The  two  first  results,  therefore,  give  the  specific 
gravities  0  79846  and  0.798365,  of  which  0.79841  is  the  mean." 

''The  following  experiments  were  probably  made  with  the  other 
alcohol  of  Rose: — 

At  S?**.  1  Fahrenheit  =  0.80006  At  60°  =  0. 798^8 

66   .2  '•  =0.795834  60    =0.79874^ 

61  "         =0.798404  60    =0.79887 


Mean =0.79876 

"The  following  result  deserves  to  be  added:  At  60^  an  experi- 
ment gave  0.79862j  and  at  99°,  with  the  same  alcohol  and  method, 
0.78069— a  difference  of  0.0180  for  39%  which  is  equal  to  0.00047 
for  each  degree;  exactly  the  same  which  the  experiments  above 
gave  between  61^.3  and  68^.5.  To  judge  from  this,  it  would  ap- 
pear that  absolute  alcohol  expands  uniformly  between  60°  and  99^^ 
Fahrenheit — and  Professor  Tralles  informs  me  that  he  has  found 
by  his  experiments,  that  absolute  alcohol  expanJs  as  uniformly 
between  —  15°  and  +  15°  Fahrenheit,  as  either   mercury  or  air." 

51.  The  law  of  uniform  expansion  thus  stated  by  Tralles,  is  in 
conflict  with  subsequent  researches  of  Mr.  Gay  Lussac^f  (^  86,) 
though  approximately  confirmed  by  the  results  of  Gilpin.  (See 
table  IV.)  Also,  the  mem  coefficient  0  00048,  does  not  seem  to 
have  been  used  by  him  in  the  reduction  0.7946  at  60°,  from  0.791 
at  68^. 


*  See  page  361,  Ann.  der  Phys.  B.  33,  1811. 
t  Ana.  dir  Ckem.  d  Ao  PYi^*.  x.  %.  ^.  V^V 
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On  this  subject  Oilbert  says:  *'^The  specific  gravity  0.791  would 
become  greater  by  0.00384,  or  8  times  0.00048;  or  equal  to  0.79484, 
water  being  unity  at  60^.  Mr.  Tralies  seems  to  have  purposely 
(mit  Fleiss)  assumed  a  smaller  ratio  of  expansion,  or  0.00045 
only." 

The  words  in  italics  have  been  so  marked  by  myself,  because 
they  indicate  an  error  into  which  Mr.  Gilbert  has  fallen;  water  is 
not  unity  at  60^,  but  at  68^  Fabrenheit,f  for  Lowitz's  specific 
gravity  0.791;  and,  if  we  apply  the  requisite  correction  to  0.79484 
obtained  by  Gilbert,  we  get  0.7942,  and  not  0.7946,  as  given  by 
Tralies.  Nor  by  using  the  ratio  0.0005,  the  maximum  given  by 
any  of  the  above  experiments  of  Tralies,  do  we  find  a  more  satis- 
factory result;  for  this  gites  only  0.7943.  Hence,  U  is  evident 
that  Tralies  must  have  used,  in  the  calculations  by  which  he  de- 
duced 0.7946  at  60^  from  0.791  at  68^,  a  coefficient  of  expansion 
greater  than  he  obtained  from  his  own  experiments  with  Rose's 
alcohol. 

In  another  part  of  his  report,  Tralies  states  that  by  several  ex- 
periments with  the  alcohol  of  Mr.  Rose,  made  for  the  purpose  of 
ascertaining  the  va-iations  of  density  produced  by  adding  very 
small  quantities  of  water,  data  were  obtained  for  calculating  the 
amount  of  water  to  be  abstracted,  in  order  to  reduce  the  specific 
gravity  to  that  of  the  standard  alcohol  of  Lowitz;  and  the  result 
was,  that  alcohol  of  0.7986  still  contains  0.0129  of  its  weight  of 
water. 

From  this  result,  and  the  law  of  gradual  increase  of  dilatation 
for  ascending  per  cents.,  we  may  assume  a  hypothetical  coefficient 
greater  than  0.0005,  the  maximum  given  by  Rose's  alcohol;  but 
to  obtain  0.7946,  the  standard  of  Tralies,  we  must  employ  a  co- 
efficient equal  to  0.00053;  the  probable  error  of  which  is  much  too 
great. 

I  have  discussed  this  subject  fully,  because  the  specific  gravity 
0.7946,  adopted  by  Tralies,  is  often  referred  to  as  a  well  determined 
result;  and  it  is,  therefore,  fit  that  whatever  uncertainty  existed  in 
bis  work,  with  reference  to  this  matter,  should  be  clearly  pointed 
out. 

52.  Having  resolved  to  adopt  the  work  done  in  England,  by 
Mr.  Gilpin,  for  the  same  purpose,  it  became  necessary  that  Mr. 
Tralies  should  ^^determine  how  much  water  is  contained  in  alcohol 
of  the  specific  gravity  0.825,  under  the  hypothesis  thbt  only  that 
is  pure  alcohol  of  which  the  density  is  0.7946  under  like  circum- 
.stances,  or  at  60°  Fahrenheit^  water  being  unity  for  the  same  tem-^ 
perature." 

^'By  a  series  of  experiments,  it  was  ascertained  that  spirit  of 
0.825  cojitains  0.0963  of  its  weight  of  water,  the  rest  being  alcohol 
of  0  7986;  and  as  the  latter  had  been  found  still  to  contain  0.0129 
of  its  weight  of  water,  it  follows,  that  spirit  of  the  density  0.825 

•  See  note  to  page  367  of  Tralies'  report. 

t  See  Handwdrterb.  der  Chem.  Liebig  &  Poggendorff,  7o\.  \,i^.%\\« 
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contains  89.2  per  cent,  by  weight,  or  92.6  per  cent,  by  volame  of 
alcohol  of  the  density  0.7946,  the  least  eyer  found,  and  which 
may,  therefore,  be  assumed  as  absolute  or  standard  alcohol.  UpoB 
this  result,*  and  the  data  in  the  Philosophical  Transactions  of  the 
Royal  Society,  are  all  the  following  tables  founded." 

63.  Before  giving  the  tables,  referred  to  in  the  last  article,  we 
may  mention  the  experiments  which  were  made  to  settle  an  im- 
portant question : 

^^Sopie  are  disposed  to  maintain,"  says  Tralles,  ^^that  alcohol 
deprived  of  water  to  so  high  a  degree  is  not  a  genuine  alcohol,  bat 
an  altered  compound.  The  chemists,  however,  who  say  so,  have 
no  proper  ei^idence  for  the  assertion.  Yet  I  deemed  it  expedient 
to  examine  whether  there  are  any  physical  grounds  for  such  an 
opinion;  or,  more  precisely,  whether,  if  we  add  to  absolute  alcohol 
as  much  water  as  will  restore  it  to  the  density  of  the  liquor  from 
which  it  was  made,  and  subsequently  compare  the  densities  of  mix- 
tures  made  from  it  with  those  of  similar  mixtures  made  from  the 
original  spirit,  the  results  will  be  identical.  Experiments  to  de- 
cide this  question  were  made- by  me,  and  I  found  that  mixtures  of 
absolute  alcohol  and  water,  obey  the  same  laws  as  those  of  recti- 
fied spirit  or  common  alcohol.  This  is  the  result  of  experiments 
made  witb  extreme  care;  the  weighings  being,  in  every  instance, 
carried  to  the  fiftieth  of  a  grain,  and  the  air  displaced,  as  well  as 
the  dilatation  of  the  liquid  and  of  the  vessel  being  taken  into  ac- 
count. It  would  render  this  report  too  scientific  to  give  the  de- 
tails of  these  experiments  and  calculations;  which  were  only  the 
means  used  to  attain  the  desired  end." 

•    On  the  second  part  of  Tralles^ s  report. 

54.  This  section  will  contain  the  tables  computed  by  Tralles 
from  the  data  of  Messrs.  Gilpin  and  Blagden.  The  specific  gravi- 
ties are  all  reduced  to  the  scale  of  water  10,000  at  its  maximum 
density;  so  that  at  60^  F.  we  have  for  absolute  alcohol,  the  specific 
gravity  7939,  and  9991.  for  that  of  pure  water. 

55.  The  first  of  Tralles's  tables,  hereto  annexed,  and  marked  ta- 
ble VII.,  gives  the  specific  gravities  at  60°  Fahr.,  for  mixtures  of 
pure  alcohol  and  water;  of  which,  each  100  gallons,  or  cubic 
inches,  contain  the  number  of  gallons,  or  cubic  inches,  of  alcohol 
indicated  in  the  first  column,  if  measured  at  the  same  temperature. 


*  Mr.  Tralles  did  not  pablish  the  experiments  from  which  he  deduced  this  oonclnsion;  and 
Gilbert  says  (page  367)  the  data  were  not  amon^  the  papers  con6ded  to  him.  '*DaB  Detail 
dieser  beidea  Versuchsreihen  findet  sich  zuf&llig  nicht  in  dem  mir  von  dem  Urn.  Verfasaer 
anvertraaten  Theile  der  ProtokoUe  fiber  seine  Versuche.*' 
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TABLE  VII. 


H  ■ 

:tr 

III 

1 

1% 

Ul 

S99) 

•51 

9315 

I  - 
20 

0976 

15 

52 

9i95 

20 

9D6] 

15 

53 

9276 

20 

9917 

14 

54 

9254 

21 

91*33 

14 

55 

9234 

20 

9019 

14 

56 

9213 

21 

9906 

13 

67 

9192 

21 

m9B 

13 

58 

0170 

22 

Bmi 

12 

59 

9148 

22 

9869 

12 

60 

9126 

22 

9857 

12 

61 

9104 

22 

9845 

12 

62 

9082 

22 

9831 

11 

63 

9059 

23 

9823 

n 

64 

9036 

23 

9BJ2 

11 

65 

9013 

23 

9805 

10 

66 

8939 

24 

9791 

11 

67 

8965 

24 

9781 

10 

68 

8941 

24 

9771 

10 

69 

8917 

24 

9761 

10 

70 

8t92 

26 

975! 

10 

71 

8867 

26 

9741 

10 

72 

8842 

2^ 

22 

9731 

10 

73 

8817 

29 

23 

9720 

11 

74 

6791 

26 

24 

9710 

10 

75 

8765 

26 

20 

970O 

to 

76 

8739 

26 

26 

9689        1 

li 

T7 

8712 

27 

27 

9679 

10 

78 

8685 

27 

S3 

9668 

n 

70 

8658 

27 

29 

9657 

n 

SO 

8631 

27 

30 

9<i46        , 

H 

81 

8603 

28 

31 

9634 

12 

82 

8575 

28 

32 

9W22 

12 

83 

8547 

m 

33 

96U9 

13 

84 

8518 

29 

34 

9596 

13 

85 

8488 

30 

,      35 

9583 

13 

66 

845B 

30 

36 

9570 

13 

87 

8428 

30 

37 

9556 

U 

88 

8397 

31 

3B 

9511 

15 

89 

8365 

32 

'    19 

S526 

15 

90 

8332 

33 

1        40 

9510 

16 

9] 

8299 

33 

41 

9494 

16 

92 

8265 

34 

42 

9478 

)• 

93 

8230 

35 

43 

9461 

17 

94 

8194 

36 

44 

9444 

17 

95 

8157 

37 

'     4a 

9427 

17 

96 

8n8 

39 

AS 

9409 

18 

97 

8077 

4! 

47 

9391 

18 

98 

81 '34 

43 

48 

9373 

18 

1        99 

7988 

46 

49 

9354 

19 

100 

7939 

49 

&0 

9335 

19 

[601 
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56.  In  this  table  the  third  column  gives  the  differences  of  the 
nambers  in  the  second,  and  is  designed  to  be  used  for  interpolating! 
by  proportion,  values  intermediate  to  those  given  in  the  first  and 
second  columns. 

57.  It  may  be  well,  perhaps,  to  remark,  that  if  100  gallons  of 
spirit  contain,  for  instance,  40  gallons  of  alcohol,  at  60^  F.,  as  in- 
dicated in  the  first  column  of  the  preceding  table,  it  would  be  er- 
roneous to  conclude  that  the  same  liquor  also  contains  60  gallons 
only  of  water.  Such  could  onlv  be  the  case,  if  no  contraction  or 
diminutidn  of  volume  took  place,  when  alcohol  and  water  are 
mixed. 

68.  When  the  specific  gravity  of  a  spirituous  liquor  is  taken,  its 
temperature  will  very  seldom  be  either  exactly  or  very  nearly  60^ 
F.;  hence  it  is  necessary  in  using  table  YII.  to  apply  corrections 
to  the  observed  specific  gravities,  in  order  to  reduce  them  to  the 
values  which  would  have  been  found  experimentally  at  60^  F. 
For  this  purpose,  to  avoid  calculations,  Tralles  has  computed  the 
following  table: 


TABLE  VIII. 


Variations  of  the  specific  gravities  of  spirits  for  different  tem- 
peratures. 


♦* 

O   Q 

^■5 

g  to  the 

^^'^ 

1°   ! 

various  per  eents.i  at  60°^  for  the  folio wiDg 

degrcfl* 

""m 

tt 

of  FfihreabcU'a  thermomaier* 

**  £d 

tDa 

^  K2 

3o 

fe  Q  « 
Ok 

to 

65« 

50° 

46° 

40* 

35*^ 

30° 

0 

9991 

4 

7 

d 

9 

9 

7 

b 

9919 

4 

7 

9 

10 

10 

9 

10 

9657 

5 

9 

12 

14 

15 

15 

15 

9R02 

6 

12 

17 

21 

23 

25 

20 

9751 

8 

16 

23 

29 

35 

39 

25 

9700 

to 

21 

31 

39 

4a 

56 

30 

9&16 

13 

26 

39 

61 

62 

73 

35 

9583 

16 

31 

46 

61 

75 

89 

40 

9510 

JtS 

35 

52 

70 

S7 

103 

4& 

9427 

19 

39 

57 

76 

94 

112    1 

50 

9335 

20 

40 

6D 

30 

99 

113 

55 

9^34 

21 

42 

63 

34 

104 

124 

60 

9126 

22 

43 

65 

86 

107 

]27 

65 

9013 

22 

45 

67 

88 

109 

130 

70 

88^2 

22 

46 

68 

90 

112 

133 

75 

8765 

23 

46 

6S 

91 

113 

135 

80 

8631 

23 

47 

70 

92 

115 

137 

no 

g488 

23 

47 

,70 

93 

116 

139 

'      90 

S332 

24 

43 

71 

94 

117 

HO 
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TABLE  VlII— Continaed. 


'.    ^ 

<i 

1 

Si  . 

li^^S 

Dtcreai€  of  the  specific  ^rayities,  correspondini^  to  tb«  | 

^-2 

e-B 

Toriou*  p«r  oeiiu.,  at  < 

5U^  Fabrenbi>it 

,  for  tbo  (oU 

e  £ 

lowuig  degrdtt  of  Fahreabcu^a  tbermometsr,            | 

ill 

1 

fe^^ 

11 

65** 

70° 

75* 

BO'' 

85*' 

90' 

96*' 

JOO" 

Ph 

w" 

0 

P091 

6 

11 

17 

24 

32 

40 

50 

60 

5 

9919 

6 

11 

18 

26 

33 

42 

51 

62 

10 

9867 

6 

13 

20 

2d 

S7 

47 

67 

68 

15 

9802 

7 

15 

25 

34 

44 

65 

67 

79 

20 

9751 

9 

19 

30 

41 

53 

66 

79 

93 

£5 

9700 

11 

24 

36 

50 

63 

78 

93 

109 

30 

9B46 

14 

23 

43 

69 

76 

91 

108 

125 

35 

9583 

17 

33 

50 

68 

86 

104 

122 

141 

40 

95  JO 

18 

37 

56 

75 

94 

114 

134 

164 

45 

942T 

20 

40 

60 

SO 

101 

122 

J43 

164 

50 

9335 

21 

42 

63 

84 

106 

128 

150 

173 

65 

9234 

22 

43 

$5 

87 

109 

132 

156 

178 

60 

9126 

22 

44 

67 

90 

113 

136 

J59 

183 

io5 

9013 

22 

46 

6a 

92 

115 

13S 

162 

187 

70 

8892 

23 

46 

69 

93 

117 

141 

166 

J90 

76 

8765 

23 

40 

70 

94 

119 

143 

167 

1^2 

60 

3631 

23 

47 

7J 

96 

120 

144 

169 

!04 

85 

3488 

24 

48 

72 

96 

121 

145 

170 

195, 

90 

'    8332 

24 

48 

72 

97 

121 

146 

171 

196 

59.  The  specific  gravities  in  the  two  preceding  tables  are  abso- 
lute; it  is  often,  however,  more  convenient  to  use  such  as  are  indi- 
cated directly  with  glass  vessels  or  hydrometers,  and  which  are 
given  in  the  next  table. 
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TABLE  IX. 


Apparent  specific  gravities  indicated  at  various  temperatures  by 
means  of  glass  instruments. 


-30 

"S3 

Temperature. 

Per  0 
coho 
Fahi 

30°  F. 

350  F. 

400  F. 

45<>  F. 

50O  F. 

5io  F. 

0 

9994 

9997 

9997 

9998 

9997' 

9994 

5 

9924 

9926 

9926 

9926 

9925 

9922 

10 

986S 

9869 

9868 

9867 

9865 

9861 

15 

9823 

9822 

9820 

9817 

9813 

9807 

20 

9786 

9782 

9777 

9772 

9766 

9759 

25 

9752 

9745 

9737 

9729 

9720 

9709 

30 

9715 

9705 

9694 

9683 

9671 

966S 

36 

9663 

9655 

9641 

9627 

9612 

9698 

40 

9609 

9594 

9577 

9560 

9544 

9527 

45 

9535 

9518 

9500 

9482 

9464 

9445 

50 

9449 

9431 

9413 

9393 

9374 

9354 

55 

9354 

9335 

9316 

9295 

9276 

9254 

60 

9249 

9230 

9210 

9189 

9168 

9147 

65 

9140 

9120 

9099 

9078 

9056 

9034 

70 

9021 

9001 

89'<0 

8958 

8936 

8913 

75 

8896 

8875 

8854 

8832 

8810 

8787 

80 

8764 

87-13 

8721 

8699 

8676 

8653 

85 

8623 

86U1 

8579 

8556 

8533 

8510 

90 

8469 

8446 

3423 

8401 

8379 

8365 

If 

brass  instn 

iments  are  used,  aubtra 

c*— 

5 

4 

3 

2 

2 

1 

463 

TABLE  IX— Continaed. 


[50] 


3 

T«mperatare. 

60«  P. 

65<>  F. 

70O  F. 

75°  F. 

80O  F. 

85*  F. 

0 

9991 

9987 

9981 

9976 

9970 

9962 

5 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9857 

9852 

9845 

9839 

9831 

9323 

15 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9751 

9743 

9733 

9723 

9713 

9701 

25 

9700 

9690 

9678 

'9666 

9653 

9640 

30 

9646 

9633 

9619 

9605 

9590 

9574 

35 

9583 

9567 

9551 

9535 

9518 

9500 

40 

9510 

9493 

9474 

9456 

9438 

9419 

45 

9427 

9408 

9388 

9369 

9350 

9329 

60 

9335 

9315 

9294 

9274 

9253 

9232 

55 

•  9234 

9213 

9192 

9171 

9150 

9128 

60 

9126 

9105 

9083 

9061 

9039 

9016 

65 

9013 

8992 

8969 

8947 

8924 

8901 

70 

8892. 

8870 

8847 

8825 

8801 

8778 

75 

8765 

8743 

8720 

8697 

8673 

8649 

80 

8631 

8609 

8585 

8562 

8538 

8514 

85 

8488 

8465 

8441 

8418 

8394 

8370 

90 

8332 

8309 

8285 

8262 

8238 

8214 

If  brai 

18  instroments  arc  used,  add  to  the 

above— 

0 

1 

2 

2 

3 

4 

60.  In  "the  first  column  of  each  of  the  above  tables,  the  numbers 
refer  exclusively  to  columns  measured  at  60°  Fahrenheit.  They, 
therefore,  serve  only  when  the  quantity  of  spirit  in  a  cask,  or  ves- 
sel, is  determined  at  60*^;  but,  if  the  liquor  has  been  proved  and 
the  cask  guaged,  say  at  80^,  we  must  make  a  calculation  to  ascer- 
tain what  number  of  gallons  should  pay  duty,  as  alcohol  of  60°, 
at  any  given  legal  rate  per  gallon.  The  data  for  this  calculation 
are  furnished  by  Tables  viii.  and  ix. 

Suppose,  for  example,  the  cask  t%  contain,  at  80°  Fahrenheit, 
200  gallons  of  spirit;  for  which  a  glass  hydrometer  gives  the  ap- 
parent specific  gravity  9253,  or  one  of  metal,  9256.  Then  we  find 
in  Table  ix.  the  strength  to  be  50  per  cent,  of  the  volume,  which 
the  liquor  would  occupy  at  60^;  and  Table  viii.  chives  this  volume, 
or  rather  the  ratio  of  the  volume  at  80°  to  that  at  60°;  these  volumes 
being  inversely  proportional  to  the  densities  9251  and  9335.  We 
must,  therefore,  multiply  the  200  gallons  by  the  ratio  of  these 
densities,  to  obtain  the  quantity,  of  which  50  per  cent,  should  pay 
duty,  as  alcohol  of  60°  Fahrenheit.     Tuus  we  have 

200  .  tlH  X  0.50=99.09,' 

the  number  of  gallons  required. 

These  calculations  are  simple,  but  the  following  table  renders 
them  unnecessary. 


[50] 


4fi4 


TABLE  X. 


,  ^ 

Q 

T«mp«rbtures. 

m 

30=  F, 

35**  F. 

40*  F. 

45*  F. 

60*  F. 

55*  F. 

0 

9994 

9997 

9997 

9998 

9997 

9994 

5 

9924 

9926 

9926 

9926 

9926 

9922 

JO 

9368 

9869 

9S68 

9867 

9865 

9S61 

15 

9823 

9S22 

98S0 

9817 

9813 

9S07 

30 

9786 

9782 

9777 

9772 

9766 

97^9 

25 

&753 

9746 

9738 

9729 

9720 

97<9 

30 

9717 

9707 

9695 

96»4 

9672 

9659   1 

35 

9671 

9658 

9644 

9629 

96J4 

9599 

40 

9615 

9598 

95S1 

9563 

9546 

9628 

"15 

9544 

9525 

9506 

9486 

9467 

9447 

60 

94S0 

9440 

9120 

9399 

9378 

9356 

fi5 

936S 

9347 

9325 

9302 

9279 

9256 

60 

9267 

9246   ; 

9222 

9198 

9174 

9J50 

65 

9162 

9J3a 

9113 

90^ 

9063 

9033 

70 

904$ 

9021 

8996 

8970 

8944 

8917 

76 

8925 

8599 

8873 

6817  - 

S820 

8792 

SO 

8798 

8771 

8744 

6716 

6683 

8669 

i5 

8663 

8635 

8606 

8677 

8647 

8517 

DO 

8617 

8486   ! 

8455 

8426 

8395 

8363 

li 

41 

Tcmperaiores, 

1^ ^^ — ■ 1 , 

60**  F. 

650  F. 

70°  F.  ' 

75**  F, 

80'='  F, 

85*  F. 

0 

9991 

9987 

9931  ,. 

9976 

9970 

9962 

5 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9857 

9S52 

9845 

9839 

9831 

9823 

15 

moil 

9796 

978S 

9779 

9771 

6761 

2f 

9T51 

9743 

9733 

9722 

9711 

9700 

25 

9700 

9690 

9678 

9665 

9652 

9638 

30 

9Fi46 

9632 

%G1H 

9603 

9588 

9572 

35 

9583 

9566 

9549 

9532 

9514 

9495 

40 

9510 

9491 

9472 

9452 

9433 

9412 

45 

9427 

9406 

9385 

9364 

9312 

9320 

50 

9335 

9313 

9290 

9267 
9163 

9244 

9221 

fi5 

9234 

9211 

9187 

9139 

9114 

60 

9J26 

9102 

9076 

9051 

9U26 

9000 

65 

9013 

8988 

8962 

8936 

8909 

6BS2 

70 

8^02 

6866 

8839 

8312 

8784 

8766 

75 

87(i5 

8731 

8710 

8681 

8651 

1622 

80 

8631 

8602 

8573  • 

8544 

8514 

8433 

F5 

8488 

84&8 

8427 

8396 

8365 

6333 

90 

8332 

830a 

8263 

8236 

8204 

8171 

465  [501 

61.  Should  a  brass  hydrometer  be  us<id  instead  of  one  of  glass, 
then  either  the  series  of  nambers  5,  4,  3,  2,  2,  1,  subiraetive^  or  0, 
li  2,  2,  3,  4,  additivej  as  in  Table  IX. ,  will  give  the  correction  to 
be  applied  to  the  numbers  in  this  last  table;  the  argument  of  which 
correction  is'  the  observed  temperature  of  the  liquor. 

In  constructing,  the  table  just  given,  Tralles  assumes  that  both 
the  strength  and  the  quantity  of  the  liquor  are  determined  at  the 
same  temperature.  Should  such  not  have  lleen  the  case,  it  becomes 
necessary  to  make  a  calculation  analogous  to  that  given  in  the 
example  abov^.  It  is,  therefore,  desirable,  and  to  avoid  errors  in 
collecting  duties,  it  should  be  required,  that  the  liquof  be  both 
.  gauged  and  proved  at  the  same  time  and  same  temperature. 

If  this  be  done,  and  table  X.  be  interpolated'for  every  integral 
number  in  the  first  column  between  0  and  100^  it  will  furnish  all 
that  is  necessary  for  carrying  out  Messrs.  Qilpin  and  Blagden's 
urgently  recommended,  '^most  simple,  and  equitable  method  of 
levying  the  duty  on  spirituous  liquors,  by  considering  reotified 
spirit  (alcohol)  as  the  true  and  only  excisable  matter."  Such 
results  form  the  basis  of  M.  Qay  Lussac's  admirable  table,  used 
in  the  revenue  of  the  French  government,  an4  entitled:*  ^^A 
table  of  the  richness  in  alcohol  of  spirituous  liquors,  giv^g  the 
number  of  measures  of  alcohol  of  the  temperature  16^  c,  (59^ 
Fahrenheit,)  which  100  measures  of  any  spirituous  liquor  contain, 
for  each  indication  of  the  hydrometer,  and  at  every  temperatnre 
between  0^  and  30^  cent." 

The  table  lately  recommended  by  a  committed  of  the  Royal 
Society,  for  adoption  by  the  British  government,  (see  §  42,)  is 
al«o  somewhat  analogous  to  that  of  Gay  Lussac;  though  objection- 
able, and  much  inferior  even  to  the  table  of  decimal  multipliers 
of  Gilpin  and  Blagden^  to  which  it  is  equivalent,  because  it  refers 
to  a.  comparatively  low  and  perfectly  arbitrary  proo/  spirit^  com- 
bined with  an  artificial  substitute  for  the  technical  over  proofs  and 
under  proofsj  of  the  British  excise.' 

Third  part  of  Trallt$*s  report, 

62.  Before  the  tables  of  the  second  part  of  Mr.  Tralles's  report 
can  be  used  in  practice,  the  specific  gravity  of  the  liquor  under 
examination  must  be  ascertained.  He  has  therefore  discussed,  in 
the  third  part,  the  question:  ''how  can  the  apparent  specific  gravity 
of  a  spirituous  liquor  be  determined  accurately?"  and  then  treats 
of  '^alcoholmeters,  their  construction  and  their  use." 

63.  As  an  instrument  so  delicate  as  a  balance,  if  properly  made, 
is  liable  tt)  accident  and  consequent  error  in  the  hacicls  of  unskilful 
subordinate  officers  of  the    revenue,  Tralles    condemns    its  use  for 


•  ••Tabic  de  Richessc  en  Aloool  dcs  liqnidcs  spiritucnx,  donnant  le  nombrc  de  litrfis  d'alcool 
do  15^.  quo  coiitienncnt  lOOlitrcB  d'un  liquide  spiritueux.  poor  cbaijue  indication  de  I'alcoo 
metre,  a  loutes  les  temperatures  de  0°  K  30°." 

t  See  Sen.  Doc,  No.  163,  28ih  Congr«fs,  2d  Sewwiv,^.^.^^. 
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determiDin^  specific  gravities,  except  in  cases  of  dispute.  And, 
even  in  such  cases,  he  prefers  and  recommends  either  a  hollow 
glass  sphere  to  sink  mth  various  attached  weights,  or  Fahrenheit's 
areometer,  or  his  own  hydrostatic  balanctj  which  closely  resembles 
those  of  his  pupil,  the  late  Mr.  Hassler,  and  which  is  also  a  modi- 
fication of  the  instrument  of  Fahrenheit,  just  mentioned.  A  de- 
tailed explanation  of  the  mode  of  using,  and  the  calculations 
required  for  these  instruments,  are  given  in  the  report,  which  may 
here  be  omitted. 

Of  hydrometers  graduated  to  indicate  apparent  specific  gravities 
directly,  Tralles  says  nothing;  he,  however,  mentions  a  steelyard 
constructed  for  this  purpose,  but  not  in  terms  of  decided  approba- 
tion.    • 

64.  The  calculations  required  by  any  exact  method  of  taking 
specific  gravities  would  always  be  inconvenient,  and  often  acci- 
dental errors  Would  be  committed.  Tralles,  therefore,  considered 
it  necessary,  for  common  use,  that  an  instrument  be  employed 
which  would  dispense  with  all  direct  reference  to  specific  gravities^ 
and  indicate  th^  per  cents,  by  volume  of  the  first  column  of  either 
of  the^receding  tables,  which  he  had  computed  from  the  data  of 
Messrs.  Gilpin  and  Blagden.  Such  an  instrument  he  deemed  the 
more  indispensable,  ^'because  it  is  not  to  be  expected  that  subor- 
dinate officers  will  possess  sufficient  judgment  and  information  to 
follow  the  rules  and  make  the  calculations  here  laid  down  as  re- 
quisite; they  must,  therefore,  use  instruments  and  tables  mechani- 
cally." 

65.  For  the  construction  of  the  alcoholometer^  or  hydrometer  in- 
dicating per  cents,  by  volume  of  alcohol  contained  in  any  liquor, 
and  for  the  corrections  for  temperature  to  be  applied  to  the  ob- 
served indications,  the  following  tab:es  were  therefore   computed. 

At  the  temperature  of  60°  Fahrenheit,  if  the  dian^eter  of  the 
stem  be  uniform,  and  the  zero  of  the  scale  of  the  hydrometer  be 
assumed  to  be  the  point  to  which  it  sinks  in  water  of  maximum 
density,  (3d. 5^  Fahrenheit,  ne'^rly,)  the  lengths  of  the  different  de- 
grees of  the  graduated  scale  will  correspond  to  the  numbers 
given  in  table  XL,  hereto  annexed: 
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TABLE  XI. 
For  alcoholometers  at  60^  Fahrenheit. 


Perot,  of 

Length  of 

Magnitade 

Per  ot.  of 

Length  of 

Magnitude 

aloohol  by 

the  part  of 

of  the  inter- 

aloohol  by 

the  fiart  of 

oftheinter- 

volome. 

the  stem  im- 

▼aU. 

▼olume. 

the  stem  im* 

vaU. 

merted. 

mersed. 

0 

9 

• . 

51 

735 

23 

1 

24 

15 

52 

758 

23 

2 

39 

15 

53 

782 

24 

3 

54 

15 

54 

806 

24 

4 

68 

14 

55 

830 

.24 

5 

82 

14 

56 

854 

24 

6 

95 

13* 

57 

879 

25 

7 

108 

13 

58 

905 

26 

8 

121 

13 

59 

931 

26 

9 

133 

12 

60 

957 

26 

10 

145 

12 

61 

984 

27 

11 

157 

12 

62 

1011 

27 

12 

169 

12 

63 

1039 

28 

13 

180 

11 

64 

1067 

23 

14 

191 

11 

65 

1096 

29 

16 

202 

11 

66 

1125 

29 

16 

213 

11 

67 

1154 

29 

17 

224 

11 

63 

1184 

30 

18 

235 

11 

69 

1215 

31 

19 

245 

10 

70 

1246 

31 

20 

256 

10 

71 

1278 

32 

21 

266 

10 

72 

1310 

82 

22 

277 

11 

73 

1342 

32 

23 

288 

11 

74 

1375 

33 

24 

299 

11 

75 

1409 

34 

25 

810 

11 

76 

1448 

34 

26 

821 

11 

77 

1478 

85 

27 

332 

11 

78 

1514 

36 

28 

344 

12 

79 

1550 

36 

29 

855 

11 

80 

1587 

37 

30 

367 

12 

-81 

1624 

37 

3i 

380 

13 

82 

1662 

38 

32 

393 

13 

83 

1701 

39 

33 

407 

14 

84 

1740 

39 

34 

420 

13 

85 

1781 

41 

35 

434 

14 

86 

1823 

42 

36 

449 

15 

87 

1866 

43 

37 

465 

16 

88 

1910. 

44 

33 

481 

16 

89 

1955 

45 

39 

498 

17 

90 

2002 

47 

40 

515 

17  ' 

91 

2050 

48 

41 

533 

18 

92. 

2099 

49 

42 

551 

18 

93 

2150 

5i 

43 

569 

18 

94 

2203 

53 

44 

588 

18 

95 

2259 

56 

45 

608 

20 

96 

2318 

59 

46 

628 

20 

97 

2330 

62 

47 

648 

20 

93 

2447  '• 

67 

48 

669 

2i 

99 

2519 

72 

49 

690 

21 

100 

2597 

78 

50 

712 

22 
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66.  To  graduate  a  hydroftieter  by  means  of  the  preceding  table^ 
it  must  be  put  successively  into  two  liquids  of  known  specific 
gravities,  and  at  60^  Fahrenheit;  one  of  which  should  be  distilled 
-water,  and  the  other  may  be  the  strangest  alcohol  which  can  be 
Teadily  procured,  the  specific  gravity  of  which  must  be  determined 
/with  great  care.  The  point  to  which  the  instrument  sinks  in  each 
being  accurately  observed,  the  intermediate  space  is  to  be  divided 
into  the  number  of  equal  parts  indicated  in  the  second  column  of 
the  table,  giving  to  the  intervals  between  the  traces  in  the  gradua- 
tion the  relative  numbers  of  parts  required  by  the  tlurd  column. 

Should  the  stem  of  the  hydrometer  be  variable  in  its  diameter, 
for  different  portions,  it  is  requisite  to  determine  not  only  the  ex- 
treme, but  also  several  intermediate  points,  by  means  of  liquids 
of  known  specific  gravities,  and  to  graduate  the  spaces  between 
them  according  to  the  table^  as  i^  the  construction  of  standard 
thermometers  to  eliminate  errors  due  to  irregularities  in  the  bore 
of  the  tube  employed.  .  The^  artist  will,  therefore,  find  it  advanta- 
geous to  make  the  stem  as  uniform  as  possible;  by  attending  to 
which  he  will  not  only  avoid  useless  trouble,  but  render  his  work 
xnuch  more  exact. 

67.  Hydrometers,  constructed  according  to  the  table  just  given, 
i^ill  indicate  the  real  strengths  of  liquors  only  at  the  temperature 
of  60^  Fahrenheit.  To  obtain  the  true  per  cent,  by  means  of  the 
apparent,  when  the  temperature  is  different,  the  three  following 
tables  have  been  computed  by  Tralies;  and  they  are  not  only  con- 
venient, but  necessary.  They  are  calculated  to  tenths  of  a  per 
cent.;  but,  says  Tralies,  *^  it  must  not  be  expected  that  they  will 
always  be  true  to  so  nice  a  degree."  The  first  of  these  tables, 
marked  table  XII.,  corresponds  to  table  IX.  of  the  preceding  sec- 
tion; in  it,  therefore,  the  volume  is  supposed  to  be  measured  al- 
wajs  at  60^  Fahrenheit,  but  the  strength  to  be  ascertained  at  any 
other  ttmperature;  in  tables  XIII.  and  XIV.,  adapted  one  to  glass 
hydrometers,  and  the  other  to  those  of  brass,  both  the  strength 
and  the  volume  are  supposed  to  have  been  determined  at  the  same 
temperature;  these  tables,  therefore,  correspond  to  table  X.,  and 
are  those  which  should  be  used  by  revenue  officers. 
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Indications  of  a  glass  hydrometer  at  the  temperatures  of— 

• 

o>coc»o 
•-It^oool 

26.0 
30.7 
36.9 
40.9 

46.8 
50.8 
55.6 
60.5 

iO<«<4>ci» 

86.2 
90.0 
94.6 

1 

^t*ooo 
^^ejoo 

23.9 

29.5 

-34.6 

39.7 

44.6 
49.6 
54.5 
59.4 

64.4 
.69.3 
74.3 
79.2 

84.1 
89.0 
93.7 

©©•CO*-* 

22.9 
2S.3 
33.5 
38.6 

43.5 
48.5 
53.4 
58.3 

6^.3 
68.2 
73.2 
78.2 

83.1 
88.0 
92.8 

CO  00  ooo 
d  id  ^'  co' 

21.8 
27.1 
32.3 
37.5 

^coeie< 

62.2 
67.1 
72.1 
77.1 

82.1 
87.0 
91.9 

«  CO  «*  CO 

o*  id  d  d 

20.8 
25.9 
31.2 
36.3 

41.2 
46.2 
51.1 
56.1 

61.1 
66.0 
71.0. 
76.0 

81.0 
86.0 
91.0 

©1  00  t*  lO 

dWd'* 

1 

'19.2 
24.1 
28.8 
33.8 

38.9 
43.8 
48.9 
53.9 

58.9 
63.9 
69.0 
74.0 

79.0 
84.0 
89.1 

1 

^coco  -^ 
d-^rd^ 

1 

18.5 
23.0 
27.6 
32.6 

lOOCOCO 

CO-^-^iO 

ooooaot 

78.0 
83.0 
88.1 

H 

s, 

"^ 

loioe^co 

d-^dco 

1 

crisis;;; 

r*  I*  CO  00 

rfsScor^ 

76.9 
81.9 
87.1 

^lO-^CO 

d  ^  d  CO 

I 

17.4 
21.3 
25.5 
30.2 

35.1 
40.3 
45.4 
50.5 

65.6 
60.6 
65.7 
70.7 

75.8 
80.9 
86.1 

Em 

d^dco 

1 

16.9 
20.5 
24.3 
2^.9 

33.8 
39.1 
41.2 

49.4 

64.5 
59.5 
64.6 
69.7 

74.8 
79.8 
85.1 

1 

C4C0«-«O 

d'^dco 

1 

16.5 
19.8 
23.3 
27.7 

32.5 

37.8 
43.1 
48.3 

53.4 
58.4 
63.5 
68.6 

73.7 
78.8 
84.0 

•loqooi 
*iaeojed 

njo 
»ujx 

oioo  >o 

ssss 

§«£S 

gssss 

gsg 
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o 

o 
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^ 


e5 


1 

1 
1 

O 

1 
1 

'  a 

"o 

1 
s. 

a 

1 

< 

i^o«o«o 

COMlOl^ 

45.6 
50.5 
55.5 
60.4 

65.3 
70.2 
75.2 
80.1 

85.0 
89.9 
94.6 

1 

Mioor« 
•  .   .  . 

23.7 
29.2 
34.4 
39.5 

44.6 
49.4 
54.4 
59.3 

64.3 
69.2 
74.2 
79.1 

84.0 
88.9 
93.7 

• 

0.9 

6.1 

11.4 

17.0 

22.7 
28.1 
33.3 
38.4 

43.4 
48.3 
53.3 
58.2 

63.2 
6S.1 
73.1 
78.1 

83.0  . 

88.0 

92.8 

1 

locoonoi 

diodco' 
1^  1^ 

(0  0)01  CO 
O)  04  CO  CO 

oi6lO)-« 

62.1 
67.1 
72.1 
77.0 

82.0 
87.0 
91.9 

1 

OIOICOIO 

dioolo 

20.7 
25.8 
31.1 
36.2 

61.0 
66.0 
71.0 
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68.  As  perfect  accuracy  Iq  ascertaining  the  strengths  of  liquors  is 
not  requisite  or  attainable  in  ordinary  operations^  Tralles  recom- 
mends that  one  half  of  a  per  cent,  should  be  the  smallest  fraction 
taken  into  consideration,  and  that  two  other  tables  be  calculated| 
by  interpolation,  in  place  of  Table  XIII.  and  Table  XIV.,  for 
€very  half  of  a  per  cent.,  and  each  degree  of  the  thermometer  to 
be  used  by  the  revenue  officers. 

To  glass  hydrometers  he  gives  decided  preference,  as  entirely 
free  frpm  liability  to  falsification;  while  at  the  same  time  they  may 
be  made  ot  sufficient  strength.  Metallic  hydrometers,  in  his  opin- 
ion, should  be  frequently  inspected  if  in  use,  because  their  accu- 
racy is  apt  to  be  impaired,  not  only  by  bruises^  but  by  corrosioni 
and*the  consequent  change  of  weight. 

69.  The  preceding  is  a  very  complete  abstract  of  Tralles's  report, 
and  it  will  serve  to  show  with  what  care  his  work  was  done.  The 
report  contains  an  account  of  some  expeiiments  made  with  the  view 
of  ascertaining  the  influence  of  such  impurities  as  are  contained  in 
(genuine  liquora;  besides  numerous  illustrative  examples  of  the 
mode  of  using  each  table,  and  the  calculations  to  be  made  when  the 
observed  numbers  are  not  ijamediately  expressed.  The  whole  con- 
stitutes a  very  elaborate  and  able  document,  worthy  of  the  praise 
which  has  been  so  generally  bestowed  on  it. 

Other  researches  in  Germany, 

70.  In  Austria  by  Meissner, — The  results  obtained  by  Meissner, 
from  his  own  private  experiments,*  though  very  imperfect  and  un- 
satisfactory, seem  to  have  been  adopted  as  fundamental  data  in  the 
revenue  of  the  Austrian  government.  In  order  that  what  1  may 
say  of  his  investigations  may  have  as  much  authenticity  as  possi- 
ble, I  will  give  a  strict  translation  of  Meissner's  own  account  of 
them. 

71.  He  first  remarks  ^^that  the  tables  of  Richter  and  Lowitz  are,  in 
many  points,  incorrect,  which  must  not  be  ascribed  so  much  to 
faults  of  experiment  as  to  the  circumstance  that  tliey  were  both  led 
into  error,  by  supposing  a  regular  geometrical  progression  to  exist 
in  the  law  of  dilatation  of  such  mixtures. 

Ili(hter,  by  means  of  a  few  points  only,  calculated  all  the  re- 
maining terms  of  his  table;  and  Lowitz  so  firmly  believed  the  law 
of  regular  progressioi^,  that  he  doubted  his  own  facts,  the  results  of 
varied  and  multiplied  experiments,  and  applied  to  them  hypotheti- 
cal corrections  required  by  the  assumed  law;  thus  deviating  from 
the  truth.  No  person  can  more  readily  excuse  such  mistakes  than 
one  who  has  made  similar  researches,  and  who  has  felt  how 
easy  it  is  to  be  led  astray  in  a  new  field  of  inquiry  by  precon- 
ceived notions.     Of  this  truth  I  am  so  convinced,  that  I  am  confi- 


•  Die  araoraetrie  in  ihrer  an'wcndunc  axxt  CVifiTcvV^  utvdTcchmk^  von  P.  T.  Meissnerj  Wien, 
1816,  p.  SI,  83. 
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flent  I  should  haye  fallen  into  the  same  error,  jf  not  forewarned  hy 
the  errors  of  others  which  I  discovered  in  the  use  of  their  tableS|  to 
which  I  had  frequent  occasion  to  refer,  and  which  induced  me  to 
make  new  experiments." 

^^Guided  by  the  previous  labors  of  the  above  mentioned  chem- 
ists, I  made  a  series  of  experiments  in  the  year  1806,  but  did  not 
publish  them  before  1812.  By  Richter's  method  of  distillation  with 
chloride  of  calcium,  I  prepared  a  normal  alcohol,  of  the  specific 
gravity  0.791  at  16""  R.  Of  this  liquid  I  then  made  two  sets  of 
mixtures  with'  water :  one  by  weight,  and  the  other  by  volume; 
varying  their  proportions,  successively,  by  5  per  cent.  After  twen- 
ty-four hours  of  rest,  the  specific  gravities  were' taken  at  16^  R., 
and  arranged  in  tabular  form,  as  shown  in  Table  XY.  In  these  ex- 
periments I  .used  the  temperature  16"^  R.  in  order  to  compare  my 
results  more  readily  with  those  of  Richter  and  Lowitz  ;  and  in 
making  the  mixtures  by  volume,  to  avoid  error,  I  first  calculated 
from  the  specific  gravity  of  each  liquid  the  weight  corresponding 
to  the  required  volume,  and  then  determined  the  latter  by  means 
of  the  balance,  instead  of  measuring  it  directly.  On  these  results 
I  also  founded  the  construction  of  my  alcoholometer ^  which  indicates 
per  cents  by  volume,  and  by  weight,  of  pure  alcohol  contained  in 
any  spirituous  liquor." 

72.  The  tables  of  Tralles  were  published  in  1811,  but  Meissner 
seems  to  have  known  nothing  of  them,  or  of  those  of  Messrs.  Gil- 
pin and  Blagden,  until  he  had  finished  the  above-mentioned  work. 
Subsequently,  in  1814,  when  he  obtained  Tralles's  report,  and  com- 
pared the  results  with  his  own,  he  found  that,  ^'  in  general,  they 
agreed,  having  only. some  slight  and  discontinuous  deviations.  But 
to  remove  even  these  small  differences,  if  possible,  a  new  series  of 
experiments  were  made." 

^^  As  the  first  experiments  were,  by  chance,  performed  with  alcohol 
obtained  from  wine,  the  new  series  were  made  with  spirit  prepared 
from  whiskey;  the  specific  gravities  were  taken  at  14^  R.;  and  the 
results  were  arranged  in  a  table,  (Table  XYI,;)  to  which  I  shall 
refer  for  the  determination  of  the  true  strengths  of  spirituous 
Ikiuors,  though  it  will  readily  be  seen  that  the  former  table  may  be 
used  for  the  same  puipope  without  important  errors  being  thus  pro- 
duced." 
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TABLE  XV. 


Specific  gravitj  at  16**  R. 

Specific  ^atiiy  at  16**  R. 

Per  cent. 

Per  cent 

By  weight. 

By  Tolome. 

By  weight. 

By  tolame. 

100 

791 

791 

45 

926 

938 

95 

805 

809 

40 

937 

947 

90 

8i8 

821 

35 

947 

955 

85 

831 

839 

39 

955 

963      , 

80 

843 

854 

25 

963 

969      ' 

.      75 

856 

867 

20 

970 

975 

70 

868 

880 

15 

9n 

981 

65 

880 

893 

10 

984 

987 

60 

892 

906 

5 

992 

993 

55 

9«4 

917 

0 

1000 

1000 

50 

915 

928 

TABLE  XVI. 


Specific  gravity  at  14"*  R. 

Specific  gravity  at  14^  R. 

Per  cent. 

Per  cent. 

By  weight. 

By  volume. 

By  weight. 

By  volame. 

luO 

7932 

7932 

45 

9286 

9404 

95 

8074 

8114 

40 

9391 

9495 

90 

8225 

8286 

35 

9486 

9580 

85 

8353 

8427 

30 

9578 

«9643 

80 

8470 

8566 

25 

9647 

9700 

75 

8590 

8695 

20 

9712 

9756 

70 

8704 

8833 

15 

9775 

9803 

65 

8831 

-8958 

10 

9830 

9859 

60 

8948 

9075 

5 

9914 

9929 

55 

9060 

9191 

0 

10000 

10000 

50 

9173 

9303 

73.  With  reference  to  the  results  of  this  second  series  of  experi- 
ments Meissner  says:  ^^I  had  full  confidence,  both  in  the  tables  of 
Professor  Tralles  and  in  the  correctness  of  my  own  previous  inves- 
tigations, therefore  the  discrepancies  between  them  were  to  me 
incomprehensible.  It  would  be  going  beyond  my  prescribed  limits 
to  relate  the  whole  series  of  my  subsequent  experiments,  but  a 
brief  statement  of  the  conclusions  to  which  they  lead  may  not  be 
out  of  place.     They  tend  to  show:" 

^^  1.  That  an  opinion  formerly  expressed  by  me  is  probably  cor- 
rect, viz. :  that  the  several  varieties  of  alcohol  which  are  made  from 
different  vegetable  substances,  or  und^  different  circumstances  of 
fermentation,  by  no  means  possess  the  same  properties,  as  heretofore 
supposed,  but  vary  both  in  taste  and  smell,  and  may  also  give  dif- 
ferent specific  gravities  when  similarly  combined  with  water;  for 
slight  variations  in  the  law  of  dilatation  were  given  by  these  diflFer- 
ent  products  of   vinous  (eTmeul^\\oiv\  vck^  Sx.^^'^  ^\vdeut  that  the 
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deriatioDS,  though  generally  rery  small,  were  greatest  between 
alcohol  made  from  whiskey  and  that  from  wine." 

<^  2d.  That  some  kinds  of  alcohol  by  distillation  over  alkalies  or 
muriate  of  lime  are  very  quickly  brought  to  the  assumed  specific 
gravity  of  pure  alcohol, 0.791  at  16^  R.;  while  others  require  many 
repetitions  of  the  process;  and  some  cannot  be  brought  to  that  de- 
gree at  all." 

^'  Whether  these  results  are  due  to  differences  in  proportion  of 
the  constituent  elements,  as  I  firmly  believe,  or  to  intermixture 
with  vegetable  oils;  or  to  the  absence  or  presence  of  a  small  ;quan- 
tity  of  ether;  and,  in  the  latter  case,  in  what  manner,  the  formation 
of  this  ether  can  be  explained,  are  questions  which  I  leave  .others 
to  decide." 

^^  It  is  sufficient  if  we  are  enabled  to  perceive  how  it  may  happen 
that  so  many  excellent  chemists  contend  that  alcohol  of  the  specific 
gravity  0.791  at  16°  R.  does  not  exist;  and  also  why,  in  the  most 
exact  eicperiments,  slight  deviations  are  inevitable." 

74.  It  may  be  observed  that  Meissner  makes  no  mention  of  the 
deg^ree  of  care,  taken  in  determining  either  the  specific  gravities  or 
the  temperatures  of  his  mixtures;  and  his  ready  mode  of  explaining 
away  all  discrepancies  between  his  own  work  and  that  of  others, 
by  asserting  that  the  varieties. of  alcohol  obtained  by  different  pro- 
cesses or  from  dissimilar  substances  are  not  identical,  is  set  aside, 
both  by  the  established  facts  of  more  modern  chemistry,  and  by  the 
remarkable  coincidence  of  the  specific  gravities  obtained  by  Messrs. 
Gilpin  and  Blagden  for  mixtures  made  with  alcohol  distilled  from 
rum,  and  those  determined  with  equal  care'  by  Delezennes,  who 
used  absolute  alcohol  prepared  from  wine  by  distillation  with  chlo- 
ride of  calcium.  (See  section  <82.)  We  must,  therefore,  ascribe  any 
discrepancies  between  Meissner's  work  and  that  of  the  persons  just 
mentioned,  rather  to  want  of  skill  and  care,  or  to  errrors  dn  his 
part,  than  to  differences  in  the  alcohol.  In  (section  107)  I  have 
compared  the  fundamental  data  of  Meissner  with  those  of  Tralles 
and  Gay  Lussac,  and  thus  shown  that  they  do  not  possess  particular 
merit. 

I  may  here  add,  that  the  statement  of  Meissner,  ^Mhat  slight 
variations  of  the  law  of  dilatation  were  given  by  these  different 
products  of  vinous  fermentation"  does  not  seem  to  have  been  justi- 
fied. F(g  experiments  made  only  at  two  temperatures  not  very  re- 
mote from  each  other,  14^  and  16^  R.,  certainly  could  not  indicate 
a  law  for  temperatures  generally. 

75.  Whether  similar  and  more  exact  researches  than  those  of 
Tralles  or  Meissner  have  since  been  made,  either  for  private  pur- 
poses or  by  authority  of  any  of  the  numerous  governments  of  Ger- 
many, I  have  found  no  means  of  ascertaining.  But  it  is  highly 
improbable  that  such  should  have  been  the  fact,  or  mention  would 
have  been  made  of  it  in  the  excellent  "  Handworterbuch  der 
Ckemity^'*  of  Liebig,  Wohler  and  Poggendorff,  to  which  I  have  had 
repeatedly  to  refer. 
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Eaperiments  in  Russia. 


76.  Lowitz^s  results. — Of  these  I  can  add  but  little  to  what  has 
been  already  giren  in  the  preceding  abstracts  of  the  papers  of 
Trallea  and  Meissner,  (sections  49  and  71;)  because  I  have  been 
unable  to  procure  the  book  in  which  Lowitz  published  his  re- 
searches) (Crell's^Chem.  Annal.,  voK  1,  1796.)  As  reference  is 
often  made,  however^i  to  his  table,  I  here'  insert  it  as  taken  from 
Poggendorff's  article  on  alcoholometry,*  but  somewhat  abridged: 


TABLE  XYII. 


Per  cent. 

Sp.  gra?. 

Per  cent. 

Sp.  grav. 

Percent. 

Sp.  grav. 

Percent 

Sp.  gr*T. 

100 

791  , 

75 

856 

50 

914 

26 

965 

95 

805 

70* 

868 

45 

9c5 

20 

973 

90 

818 

65 

880 

40 

936 

15 

980 

85 

831 

60 

892 

35 

946 

10 

987 

80 

844 

55 

903 

30 

956 

5 

994 

In  this  table  the  per  cents  are  by  weight,  and  the  specific  grari- 
ties  are  supposed  to  be  taken  at  16"^  R.,  water  being  unity  at  the 
same  temperature. 

77.  Muncke^s  experiments  — A  very  elaborate  and  skilful  series 
of  researcbes,  relative  to  the  dilatation  of  liquids,  made  with  ther- 
mometric  tubes  by  Muncke,  has  been  published  in  the  transactions 
of  the  academy  of  St.  Petersburgh.f  To  those  for  water,  as  well 
as  to  Hallstrom's  calculations  of  their  probable  results,  1  have  had 
occasion  to  refer  both  in  my  former  report  (page  82)  and  in 
the  appendix  herewith  submitted. 

Had  not  Muncke  neglected  to  examine  the  fixed  points  of  his 
thermometers,  these  researches  might  be  considered  very  perfect; 
but  that  oversight  has  been  committed  by  other  observers,  with  the 
exception  of  M.  Despretz;  and  similar  errors,  therefore,  exist  in 
their  several  results. 

Among  the  tables  of  Muncke,  there  is  one  for  the  expansion  of 
alcohol,  of  the  specific  gravity  0.8062,  at  0^  cent.,  water  being 
unity  at  its  maximum  density.  The  calculated  volumes  of  which 
table  have  been  deduced  from  the  formula: 

A  V  =  0  0010151148848  t  +  0.00000308840829  f 
—  0.0000000192458568  f; 

which  gives  a  maximum  at  89.5^  c,  or  127.^3  F.,  below  zero. 


*  Handworterb.  d.  Cbem.,  vol.  1,  paf|[e  214. 
t  M6m.  present,  i  TAcad.  de  St.  Petersb.,  par  div.  Sayans  t.  1  et  2. 
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Dilatation  of  pure  alcohol. 


[50] 


Yolome.                | 

Volame. 

Temp. 

1 

1 

Temp. 

. 

Calcalated. 

Obserred. 

Calmlated. 

Obeerred. 

—15*'  C. 

0.9855331 

0.9851728 

+  14<>C. 

1.0147641 

1.0147368 

—10 

0.9901769 

0.9899009 

16 

69536 

6880tS- 

—  5 

0.9950040 

0.9949189 

18 

91605 

90674 

0 

l.OOOOUOO 

1.0000000 

20 

1.0213^7 

1.0212752 

+  1 

10182 

10719 

22 

36224 

33893 

2 

20424 

21021 

25 

7U074 

67491 

3 

30726 

31575 

30 

1.0327134 

1.0322457 

4 

41086 

42463 

35 

84872 

79702 

5 

51504 

53185 

40 

1.0443143 

1.0436746 

6 

61977 

63071 

45 

:i.  050 1804 

1.0496H08 

7 

72505 

735«5 

50 

60710 

1.0557882 

8 

83087 

84166 

55 

1.0619717 

1.0619054 

9 

93722 

94823 

60 

78681 

82757 

10 

1.0104407 

1.0105547 

65 

1.0737456 

1.0746065 

11 

15143 

16215 

70 

1.07»6899 

1.0SJ1729 

12 

25929 

26885 

Researches  in  France. 

78.  Although  investigations,  having  for  their  object  the  more 
exact-  determination  of  the  chemical  properties  of  vinous  and  alco- 
holic liquors,  were  made  by  several  of  the  distinguished  chemists 
of  France,  no  careful  and  complete  series  of  experiments,  with  re- 
ference to  the  practical  use  of  specific  gravities  for  ascertaining  the 
strengths  of  liquors,  seems  to  have  been  made  in  that  country  until 
about  the  year  1820.  At  that  time,  the  French  government  deter- 
mined to  alter  its  defective  system  of  levying  duties  on  spirits, 
based  upon  the  arbitrary  scale  of  Cartier's  hydrometer,  and  to  ren- 
der it  perfectly  just  by  making  the  duty  to  be  paid  by  any  liquor 
proportional  to  its  real  value.  The  scientific  men  of  the  country 
were  induced,  by  this  circumstance,  to  consider  the  subject  and  to 
offer  plans,  which  were  submitted  to  the  Academy  of  Sciences  at 
Paris  for  a  decision.  MM.  Francoeur,De]ezennes,  and  Gay  Lussac 
devoted  much  time  and  attention  to  the  matter;  and  brought  for- 
ward, about  the  same  time,  three  independent  and  excellent  methods 
of  attaining  the  desired  end. 

79.  M.  Francceur  proposed  the  adoption  of  his  "  areometre  cen- 
tigrade^^^  or  the  decimal  hydrometer  which  I  have  fully  discussed 
in  my  former  report.*  He  performed  no  experiments  to  determine 
the  specific  gravities  of  mixtures  of  alcohol  and  water;  but  referred 
for  these  to  the  data  of  Messrs.  Gilpin  and  Blagden;  and,  when  the 
decision  of  the  academy  was  pronounced  in  favor  of  the  method  of 


•  Sen.  Doc.  No.  165  j  28ih  Cong.  2d  8w»\oiv,  v-  ^'!^»  ^\.^^^. 
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M.  Gay  Lussac,  he  dropped  the  subject..  To  give  his  own  account 
of  the  matter:*  ^^  the  administration  submitted  my  memoir  to  the 
Academy  for  its  advice.  But,  upon  comparison  of  the  method  I 
proposed  with  that  of  M.  Qay  Lussac,  more  simple  and  more  easy 
of  application,  the  latter  obtained  the  preference,  very  justly  as  I 
at  once  acknowledged.  The  favorable  opinion  given,  with  refer- 
ence to  my  memoir,  jonsoled  me  for  its  merited  rejection,  and  I 
abandoned  my  researches." 

80.  M.  Delezennes  invented  a  hydrometer  very  similar  to^  and^x 
indeed,  almost  identical  with  that  of  Francoeur.  The  only,  differ- 
ence being  that  the  scale  of  the  former  was  divided  into  400  inte- 
gral parts,  but  that  of  the  latter  into  200,  subdivided  into  halves 
and  tenths.  This  apparent  identity  becomes  even  mor.  striking,  if 
the  reasons  assigned  by  Delezennes  for  the  selection  of  400  degrees 
instead  of  200  are  taken  into  view.     They  are  as  follows:! 

^^  The  construction  of  the^  hydrometer  should  be  independent  of 
all  comparisons;  it  should  be  based  exclusively  upon,  and  be  de- 
rived from  the  uses  to  which  it  is  to  be  applied;  and  the  division 
of  the  scalenus  it  is  arbitrary,  should  conform  to  the  decimal  system. 
Also,  the  instrument  should  be  universal,  or  adapted  to  every  case 
which  may  occur;  one  of  the  extremities  of  the  scale  should,  there- 
fore, correspond  to  a  density  a  little  less  than  that  of  the  ligiitest- 
liquid  known,  say  to  0.700;  and  the  other  to  a  density  somewhat 
grtattT  than  that  of  the  heaviest  liquid,  except  mercury,  or  to  2.000 
nearly.  The  difference  between  these  extremes  is  1.300,  of  which 
0.013  is  the  hundredth  part.  Now  the  instrument,  to  be  useful, 
shouJd  have  sufficient  sensibility  to  render  appreciable,  from  one 
degree  of  its  scale  to  another,  a  mean  difference  of  about  0.003. 
The  scale  must,  therefore,  be  divided  into  at  least  400  parts;  each 
of  which,  to  be  appreciable,  should  have  an  extent  of  at  least  one 
millimetre;  and  the  whole  scale  must,  therefore,  be  40  centimetres 
long." 

81.  By  far  the  most  valuable  part  of  M.  Delezennes'  researches 
wa(5,  however,  a  very  complete  and  exact  series  of,  experiments, 
made  with  a  view  of  determining  the  relative  specific  gravities  of 
different  mixtures  of  alcohol  and  water,  as  a  proper  basis' for  the 
system  designed  for  the  use  of  the  government.  And  as  these  ex- 
periments constitute  the  only  comparative  and  independent  results, 
of  equal  merit  with  those  of  Messrs.  Gilpin  and  Blagden,  which 
have  been  published  in  an  authentic  manner,  and  of  which  I  possess 
any  knowledge,  they  are  entitled  to  particular  attention:  the  more 
so,  perhaps,  because  the  success  of  Gay  Lussac  caused  them  to  be 
neglected;  without,  at  the  same  time,  furnishing  equivalent  funda- 
mental results  as  a  substitute  for  them. 


•  Francoear  Memoire  snr  FAreomfetrie,  p.  1.    Paris,  1842. 
t  Journal  do  PhysiquB,  X.  ^A,  ^.^\. 
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82.  The  original  memoir  of  Delezennes  on  mixtures  of  alcohbl 
and  water  appeared  in  the  transactions  of  the  Society  of  Agricul- 
ture,  ftcienc^s  and  Arts  of  Lille/for  the  year  1823,  a  book  not  rea- 
dily met  with;  I  must,  therefore,  refer  to  the  account  of  it  given 
in  Ferussac's  Bulletin*,  fron*  which  I  have  extracted  the  following 
table  and  brief  remarks: 

^^he  experiments  of  M.  Delezennes  have  been  made  with  ex- 
treme care.  Jftither  the  alcohol^  nor  the  water ^  was  deprived  of 
the  air  which  those  liquids  usually  contain^  and  the  mixtures  were 
made,  by  weight,  for  every  20th  part  of  alcohol;  i.  e.,  they  varied 
successively  five  per  cent.  Their  specific  gravities  were  taken  at 
the  temperatures  0°,  IS*',  36^  and  54^,  cent.;  by  weighing  them  in 
a  thin  bottle  with  a  tight  conical  stopper.  All  the  weighings,  both 
for  the  mixtures  and  the  specific  gravities,  were  performed  accord- 
ing to  the  method  of  double  weighing,  and  the  proper  reductions 
were  made,  in  every  instance,  for  the  loss  of  weight  caused  by  the 
air,  as  well  as  for  the  state  of  the  thermometer,  barometer  and  hy- 
grometer. 

TABLE  XIX. 


Specific  gravity  of  the  mixtare. 

At  0<»  C. 

At  18<>.- 

At  36«. 

At54«. 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

1.00000 
0.99130 
0,98504 
0.98007 
0.97596 
0.97145 
0.96579 
e. 95886 
0.95066 
0.93994 
0.93f47 
0.92039 
0.90909 
0.89791 
0.88649 
0.87496 
0.86325 
0.85111 
0.83840 
0.82522 
0.81190 

0.99855 
0.98983 
0.98261 
0.97587 
0.96974 
0.96312 
0.95588 
0.94682 
0.93781 
0.92733 
0.916S2 
0.90605 
0.89474 
0.88338 
0.87180 
0.85974 
0.84834 
0.83561 
0.82310 
0.80974 
0.79539 

0.99351 
0.98520 
0.97684 
0.96853 
0.96084 
0.95254 
0.94395 
0.93453 
0.92402 
0.91303 
0.90259 
0.89044 
0.87962 
0.86763 
0.8f582 
0.84386 
0.83191 
0.81975 
0.80722 
0.79385 
0.78013 

0.98721  ^ 

97736 

96805 

96050 

95054 

94097 

93166 

92133 

91058 

0.89963 

0J8801 

0;87594 

0.86382 

0.85194 

•  0.84047 

0.82S84 

0.81693 

0.80414 

0.79099 

0.77790 

0.7#436 

• 

''  **  By  interpolation,  Delezennes  obtained  the  specific  gravities 
for  every  single  per  cent.,  both  by  weight  and  by  volume,  but 
only  for  the  temperatures  indicated  above.  He  also  endeavored 
to  discover  the  law  of  the  densities  in  question;  whether,  for  ex- 


*  Bulletin  Univ.  dea  Soieooes  Math.  t.  8,  ^«  U2. 
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ample,  they  may  be  considered  functions  of  a  mixture  of  alcohoV 
and  water  at  a  maximum  degree  of  condensation,  mixed  with  ai^ 
excess  of  alcohol,, or  of  water,  without  diminution  of  volumf;  bat 
he  obtained  no  satisfactory  results. 

These  researches  were  discontinued  when  the  government  adopted 
the  system  proposed  by  Gay  Lussac;  and  they  do  not  appear  even 
to  have  been  laid  before  the  academy;  probably  by  reason  of  ^fcir 
incomplete  condition  at  the  time  of  its  decision. 

83.  Researches  of  Gay  Lussac. — Before  discussing  the  alcoho- 
lometer, and  the  tables  for  its  use,  which  have  have  been  con- 
structed by  this  distinguished  philosopher,  and  established  by  )aW| 
not  only  in  France,  but  also  in  Sweden  and  Belgium,  it  may  be 
well  to  give  an  account  of  some  exneriments  made  by  him  in  1816 
on  the  dilatation  of  liquids,*  whicn,  probably,  constitute  part  of 
the  fundamental  data  upon  which  he  based  the  above-mentioned 
instrument  and  tables.  I  say  probably^  because  Gay  Lussac  hae 
not  published  those  data,  as  he  certainly  should  have  done,  if  he 
wished  to  place  beyond  douVt  and  conjecture,  either  the  justice 
of  the  French  revenue,  or  the  truth  and  scientific  merit  of  his  own 
work. 

84.  The  object  of  the  experiments,  to.  which  reference  is  here 
made,  was  to  discover,  if  possible,  a  general  law  of  dilatation  for 
liquids.  Gay  Lussac  had  been  Jed  to  think  that  the  principal 
cause  of  failure  in  all  previous  attempts  of  the  kind  was,  that  the 
liquids  had  not  been  placed  under  like  physical  circumstances. 
He,  therefore,  took  the  temperature  of  ebullition  for  each  liquid 
as  the  proper  origin,  instead  of  a  common  temperature,  such  as 
that  of  melting  ice,  which  must  correspond  to  dissimilar  molecular 
states  in  various  fluids.  At  their  boiling  points,  the  repulsive  force 
of  the  molecules  should  be  the  same;  it  is  natural  to  suppose, 
therefore,  that  the  comparative  variations  of  dilatation  would  be 
more  regular,  if  reckoned  from  such  a  physical  point  for  each. 
The  idea. was  ingenious,  and  it  led  to  the  discovery  of  a  remarka- 
ble coincidence  between  the  dilatation  of  alcohol  and  that  of  the 
sulphuret  of  carbon,  but  not  of  any  general  physical  law. 

85.  The  apparatus  for  each  liquid  consisted  of  a  thermometer 
tube  of  carefully  determined  capacity,  filled  with  a  quantity  of  the 
fluid,  of  which  the  volume  was  assumed  to  be  1000  at  its  boiling 
point,  and  the  contractions  were  estimated  proportionally  at  in- 
ferior temperalares,.  For  alcohol,  of  which  the  density  was  found 
by  experiment  to  be  0  79235  at  17^.88  cent.,  aad  0.73869  at  78.^41, 
or  its  boiling  point,  that  of  water  at  its  maximum  density  being 
unity;  and  for  water,  the  density  of  which  at  100°  cent  ,  its  boil- 
ing point,  was  0  96064,  the  following  table  gives  the  observed 
contractions: 


•Ann,  dt  OVuvn.  ft\  ^t  ^V^^,  \,  a.  ij,  130. 


» 


t 


^ 


■\  Vj  ^-m   t-jOTi^^.V-r"^ 


•f     ■•>• 


•!.,' 


i 


coniraciiona: 


•Am.  d*  mm.  at  de  Pky,.  t.  9.  p.  ijo. 
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f 

Water. 

Aloohol. 

6 

□ 

s 

B 

1 

n 
U 

1 

a 
o 

1 
1 

a 

1 

a 

Q 

e 
S 

n 

tm 

e 

& 

e 

e 

H 

o 

c3 

0^.0 

0.00 

61^,5 

32,94 

0*^,0 

0.00 

0 

47.0 

53.81 

3.6 

2.41 

67.4 

3+.76 

4.4 

4.90 

51, 0 

57,92 

s.o 

5.40 

72.2 

31^.07  , 

6.3 

6,08  1 

56.7 

62.74 

».2 

6.13 

76.1 

36,91 

6.7 

7.50 

6U2 

07.15 

14.3 

10.13 

7fl.7 

37  4i> 

Jk6 

13.25 

62.0 

66.86 

21.0 

13. 6B 

80,2 

37,74 

15.2 

17.82 

63.5 

69.33 

2h\6 

17.00 

80,4 

37.S5 

ie.8 

23J3 

65.5 

71.16 

33.1 

20*^3 

84,9 

38,25 

23,6 

27.52 

67,3 

72.97 

.^9.§ 

24.06 

86.0 

38,52 

26.8 

31.15  ! 

70.7 

76.10 

46.2 
51*4 

26.95 
29.14 

"-■ 

3t.8 
34,8 

36.79 

40,05 

72.5 
73,8 

77,85 
79.03 

58.4 

3K16 

, . . . 

40.8 

4S.57 

...• 

No  correction  was  made  in  these  results  for  the  contraction  of 
the  glass,  for  there  is  another  counteracting  variation,  dependent 
upon  the  vapour  which  fills  the  space  in  the  tube  above  the  liquid^ 
and  the  film  which  coats  its  innes  wall,  the  amount  of  which  can- 
not be  accurately  determined. 

86.  To,  render  the  law  of  dilatation  more  evident  for  each  of 
these  liquids,  M.  Despretz,  at  the  request  of  M.  Gay  Lussac,  com- 
puted from  the  data  of  the  preceding  table,  by  means  of  Biot's 
formula, 

another  table,  hereto  annexed,  in  which  the  temperature  decreases 
by  regular  intervals  of  five  degrees,  commencing  at  the  point  of 
ebullition,  as  the  zero  or  origin.  '       ' 

81 


[50] 


483 


TABLE  XXI. 


Water. 

Aloobol. 

1 

■  § 

S 

9 

i 

a. 

i 

J 

1 

I 

s 

s 

i. 

g 

a 

,    a 

E 

a 

s 

2 

a 

^ 

o 

'    o 

^® 

o 

o 

o 

V 

H 

O 

H 

O 

H 

U 

H 

^ 

s 

0.00 

& 

24.20 

s 

0.00 

4% 

45.66 

6 

3.85 

45 

26.52 

5 

5.56 

45 

51.11 

10 

6.65 

50 

28.61 

10 

11.24 

50 

56.87 

15 

9.d9 

55 

30.43 

15 

17.00 

55 

61.43 

20 

13.02 

60 

31.96 

20 

23.41 

60 

66.23 

25 

16.06 

65 

33.19 

25 

28.60 

65 

70,75 

30 

18.95 

70 

34.09 

30 

34.37 

70 

74.93 

33 

21.67 

75. 

34.63 

35 

40.05 

75 

78.75 

87.  I  have  already  givea  quite  a  full  account  of  the  centesimal 
alcoholometer  of  M.  Gay  Lussac,  and  the  simple  idea  upon  which 
it  is  based,  in  my  former  report,*  to  which  I,  therefore,  respect- 
fully refer.'  In  that  paper  I  made  the  assertion,  which  I  hare  re- 
peated in  this,  that  Gay  Lussac  has  not  published  the  data  for  the 
construction  either  of  his  tables  or  the  instrument  to  which  they 
belong.  To  justify  this  negative  statement  of  matters  of  fact,  I 
should  here  give  my  authority  for  so  doing. 

M.  Dumas,  who  must  have  had  full  opportunity  of  ascertaining, 
saysif  "The  e«periments  of  Gay  Lussac  were  made  with  extreme 
care;  but  he  has  published  only  the  results  relative  to  the  use  of 
his  centisimal  alcoholometer,  without  giving  the  densities  employed 
for  its  construction." 

88.  In  the  absence,  therefore,  of  direct  and  authentic  informa- 
tioa  from  Gay  Lussac  himself,  we  must  either  depend  upon  the  tes- 
timony of  others,  which  he  has  at  least  allowed  to  go  without  con- 
tradiction, and  probably  authorized,  or  reverse  the  calculations  by 
which  the  numbers  of  his  tables  were  computed  from  the  specific 
{gravities  given  by  experiment,  and  thus  seek  to  obtain  the  latter. 
This  second  method  would  be  perfect,  if  the  numbers  in  the  tables 
were  exact,  which  cannot,  however 'be  assumed;  for  it  is  very 
probable  that,  like  those  of  the  similar  tables  of  Tralles,  (see  ^  67,) 
they  are  not  in  all  cases  accurate  to  so  small  a  quantity  as  the 
tenth  of  a  per  cent. 

89.  In  his  excellent  treatisef  on  chemistry,  Berzelius  says:  "More 

•  Senate  Doc.  No.  165,  28th  Conpr.,  2d  Sess.,  p.  68  and  p.  76. 

t  "  Les  exp^rjences  de  M.  G.iy  Lussao  ont  6i6  faitcs  avec  un  soin  extreme,  inais  il  na 
publid  que  Ics  reftultats  relatifs  d.  I'emploi  de  son  alcomottre  ccnt68imal,  sans  donner  les 
ileasitds  d't>u  il  e&t  parti  pour  le  conalnuie."— Ti^\\fe  4^  CUm.  A^jpliq,.  aux  Arts,  t.  V., 
p.  433. 

t  Fm  Freack  odition,  \  YL,  p.  4W, 
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recently  Oay  Lussac  has  made  tables  tQ  be  used  for  assaying  and 
mixing  spirituous  liquors.  These  tables,  made  for  the  normaltem- 
perature  15^  cent.,  depend  upon  the  following  densities  of  anhy- 
drous alcohol,  and  of  its  mixtures  with  water;  which  densities  are 
referred  to  that  of  water  at  15^,  and  not  to  that  which  i\  would 
hare  at  its  maximum  density." 

TABLE   XXII. 


Per  cent,  of 

Specifto 

Per  cent,  of 

SpMsific 

alcohol. 

gravity. 

alcohol. 

gravity. 

100 

0.7947 

60 

0.9141 

95 

0.8168 

55 

0.9248 

90 

0.8346 

50 

0.9348 

85 

0.S502 

45 

0.9440 

80 

0.8645 

40 

0.9523 

75 

0.8779 

35 

0.9595 

70 

0.8907 

30 

0.9656 

65 

0.9027 

0 

1.0000 

^^These  numbers  appear,"  says  Berzelius,  ^^to  be  based  upon  ex- 
periments' which  Gay  Lussac  has  not  published;  for,  although  they 
differ  essentially  from  those  of  Tralles,  only  by  reason  of  the  cir- 
cumstance that  one  has  compared  the  weight  of  alcohol  to  that  of 
water  as  unity  at  the  temperature  of  15^,  while  the  other  has  takea 
0.9991  as  the  density  of  water  M  that  temperature,  yet  when  we 
reduce  the  numbers  of  Tralles  (See  Table  VII.),  for  one  degree  of 
Fahrenheit,  or  59°,  and  then  divide  them  by  0.9991,  differences  will 
be  observed.  It  is  thus  found  that  the  density  of  the  anhydrous 
alcohol  of  Tralles  i3  0.7951.  The  differences  in  the  specific  gravi- 
ties of  the  mixtures  become  still  smaller,  and  in  the  last  third  of 
the  series  they  disappear  entirely.  Hence,  it  is  evident  thslt  Gay 
Lufsac  determined  the  density  of  aloohol  with  greater  exactness^ 
and  from  the  discrepancies  which  are  found  when  his  numbers  are 
compared  by  calculation  with  those  of  Tralles,  it  also  /olluws  that 
Gay  Lussac  corrected  the  densities  of  the  mixtures.  In  every  in- 
stance, the  difference  is,  however,  so  small  that,  for  practical  pur- 
poses, it  may  be  disregarded." 

90.  That  Berzelius  must  have  had  good  authority  for  all  that  he 
has  thus  said,  results  not  only  from  his  almost  proverbial  accuracy 
in  matters  of  science,  but  also  from  the  responsibility  which  he 
assumed  in  his  connexion  with  the  action  of  the  Swedish  govern- 
ment, of  which  he  thus  speaks: 

^^Until  the  close  of  the  year  1827,  the  method  of  examination  of 
Wilcke  was  used  in  Sweden.  But  in  1828,  the  Swedish  govern- 
ment, at  the  recommendation  of  the  Academy  of  Sciences,  adopted 
a  much  more  convenient  and  certain  method,  which  had  already 
been  established  in  Prussia  and  in  France."  ♦  •  #  #  #  u^g 
th-e  temperature  15*^  cent,  used  in  Fiance)  va  ut^iVj  W^  \fiL^'^\i  \.^\s2l- 
pprature  at  wbicb  spirituous  liquors  are  ^u^^^^%u\\li^'^^^^.^^^'^^^ 
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aS)  by  its  adoption,  the  work  of  Gay  Lussac  done  for  Francey  which 
is  the  most  complete  and' the  best  adapted  to  general  use  of  |iny  yet 
performed)  would  become  applicable  for  Sweden,  the  Swedish  gov* 
ernment  fixed  the  temperature  at  15°  cent,  to  whic/h  the  rolames 
are  to  be  reduced  in  all  measurements  of  ardent  spirits."  •  •  •  • 
^^Tbe  centesimal  alcoholmeter,  Constructed  according  to  the  data 
of  Gay  Lussac,  is  n6w  adopted  in  Sweden,  and  by  law  the  tables 
which  he  has  prepared  are  to  be  employed  in  the  examination  of 
spirits." 

91.'  In  the  article  Alcohol^  of  the  Dictionnairt  de  TecAnologitj^ 
M.  Pelouze  gives  the  same  tabje  (Table  XXII.),  as  that  of  Mf.  Gay 
Lussac,  and  adds:  ^^it  is  upon  these  densities  that  Gay  Lussac  based 
the  construction  of  his  tables  for  the  mixing  {tnouillage)  of  spiri- 
tuous liquids." 

Where  MM.  P^Iouze  and  Berzelius  got  this  table  from,  they 
only  know;  I  have  been  unable  to  find  it,  or  any  reference  except 
to  berzelius  for  it;f  upon  their  authority  I  howeyer  adopt  it  in 
the  calculations  I  have  made  for  the  comparison  of  the  results  of 
Gay  Lussac  with  those  of  Tralles  and  others.  (See  sections  107 
and  108.) 

92.  The  tables  of  M«  Gay  Lussac,  published  in  the  form  of  » 
s^nall  book  entitled  ^^Instruction  pour  Vutagedt  PAlcoometre  cen- 
tesimalj  et  des  tables  qui  Paccompagnent;  par  M.  Gay  Lussac]  4rc.," 
are  four  in  number.  Of  these,  the  last  is  simply  a  multiplication 
table  for  all  numbers  between  S  and  1000,  to  render  more  easy  and  • 
certain  the  multiplications  and  divisions  which  may  have  to  be 
made  by  unskillful  persons  in  the  use  of  the  alcoholometer.  The 
third  table  refers  to  the  mixing  of  liquors  of  given  strength,  for  the 
purpose  of  producing,  one  of  any  required  per  cent.  Such  a  table, 
though  indispensable  to  dealers  and  distillers,  can  have  no  applica- 
tion in  the  revenue,  except  in  relation  to  questions  which  may  arise 
from  attempts  to  evade  laws  unskillfully  framed;  for  it  would 
furnish  the  information  required  by  a  dealer,  who  would  wish  to 
import  a  liquor  so  reduced  in  quality  that  it  would  pay  duty  as  of 
interior  strength,  but  be  saleable  as  of  higher  proof.  The  first  and 
second  tables  are,  however,  those  which  relate  to  the  subject  of 
determining  the  proper  duty  to  be  levied,  and  which,  therefore, 
require  particular  notice  here.  For  revenue,  purposes,  only  one  of 
these   is  necessary,   that  already  alluded  to  in  section  13,  which 

f;ives  the  richntss  or  value  of  a  liquor,  of  which  the  number  of  gal- 
ons  and  strength  axe  determined  at  any  indicated  temperature. 
This  table,  the  second  of  Gay  Lussac,  is  identical  in  its  nature  and 
object  with  Tables  XIII.  and  XIV.,  constructed  by  Tralles,  and  must 
have  been  based  upon  data  similar  to  those  contained  in  Table  X.;  it 
differs  from  Tables  XIlL  and  XIV.  in  its  arrangement,  which  is  im- 

*  Abr6ge  da  Grands  Diet,  de  Technol.  t.  i.,  p.  123. 

f  "Gaj  Lossae  selbst  tcheint  von  deo  Fandamental  Bcstiromungen.  nach  welohen  er  Mia 
Alkohulemeier  consiruirt  hat,  nicVvls  bekauut  semacht  zu  haben.  In  dess  ffieb't  Berwlioi  ia 
seiDtm  Ltiirbuch  hiertibtr  folgendt  TaS«\."    Voi\»,^ii^o\^Ssk\\iftVL»^,Vs^i%^d.*kcBi.  t91.  1, 


485 


[50] 


proved  by  causing  the  indication  and  real  strength  to  change  places, 
so  that  the  former  becomes  the  argument  ^nstead  of  the  latter;  and 
it  is  computed  to  erery  single  per  cent.,  or  degree  of  the  alcohol- 
ometer. In  this  report,  designed  to  furnish  fundamental  data  rather 
than  practical  instruction,  it  would  be  inappropriate  to  embody 
sueh  a  ta^le.  The  following  extract  from  it  may,  however,  serve 
as  a  specimen  of  the  whole;  and  it  will,  probably,  render  what  has 
been  said  more  clear  to  some  persons.  It  has  been  selected  at' 
random  from  the  midst  of  the  table. 


Temp. 

.  61  c. 

62  c. 

63  c. 

64  c. 

65  c. 

QO 

66.8 

67.8 

68.8 

69.8 

70.8 

66.5 

67.5 

63. 5 

69.4 

70.4 

66.1 

67.1 

6^.1   . 

69.1 

70.1 

65.6 

66.6 

67.6 

68.6 

69.6 

65.3 

66.3 

67.3 

68.3 

69.3 

64.9 

65.9 

66.9 

67.9 

68.9 

64.6 

65.5 

66.5 

67.5 

68.5 

64.1 

65.1 

66.1 

67.1 

68.1 

63.8 

64.8 

65.8 

66.8 

67.7 

The  figures,  61c,  62c,  etc.^  denote  the  indications  of  the  instru- 
ment; the  small  letter  c  being  an  abbreviation  of  the  word  cen^ 
times  J  OT  hundredths. 

93.  The  remaining  table  of  Gay  Lussac,  the  first  in  order  of  the 
series  as  published  by  bim,  may  be  considered  an  ingenious  combi- 
, nation  of  the  Tables  Vili.  and  XII.  of  Tralles,  computed  for  every 
single  per  cent.,  and  substituting  in  place  of  the  densities  of  Table 
Ylll.,  their  corresponding  volumes.  The  following  is  a  specimen 
of  it: 


Temp. 

91  c. 

92  c. 

93  c. 

94  c. 

95  c. 

. 

15« 

91 
1000 

92 
1000 

93 
1000 

• 

94 
1000 

95 
IGOO 

1^ 

1 

90.8 
999 

91.S 
999 

92.S 
999 

93.8 
999 

94.8 
•   999 

17 

90.5 
998 

91.5 
998 

92.6 
998 

93.6 
'  998 

.94.6 
998 

18 

90.2 
997 

91.3 
997 

92.3 
997 

93.3  # 
997. 

94.3 

997 

19 

90 
996 

91.1 
9^6 

92.1 
996 

93.1 
996 

94.1 

996 

20 

89.7 
995 

90.8 
995 

91.8   ^ 
995 

92.9 
995 

93.9 
995 

21 

89.5 
994 

90.5 
991 

91.6 
994 

92.6 
994 

93.7 
994 

22 

89.2 
993 

90.2 
993 

91.3 
993 

92.4 
993 
\  1 

93.4 

1 
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The  first  horizontal  column  contains  the  obserred  indications  of 
the  hydrometer;  the  first  vertical  column,  the  observed  tempera- 
ture; and  the  two  numbers  in  any  of  the  spaces  of  the  table  denote^ 
respectively,  the  per  bent,  and  the  volume  reduced  to  15^  C.  Thus^ 
for  example,  opposite  to  th^  temperature  20^  and  beneath  the  indi- 
cation 92c,  we  have  the  two  numbers,  90.8  and  995;  of  which  the 
first  90.8  is  the  true  per  cent,  by  volume  or  strength  of  the  liquor 
at  15^,  and  995  the  number  of  gallons  at  that  temperature,  which 
would  expand  to  1000  if  heated  to  20^  cent.  The  product  of  these 
numbers  995  x  90.8  =  90.346  is  the  richness  or  true  per  cent,  of 
alcohol  in  such  a  liquor,  which  would  be  obtained  if  both  the 
strength  and  number  of  gallons  were  ascertained  at  15^  instead  of 
20*,  centigrade.  It  is  in  this  manner  that  Gay  Lussac  computed 
kis  table  of  richness^  which  dispenses  with  calculations,  and  which 
has  been  discussed  in  the  p/eceding  section. 

94.  Experiments  of  Gouvernain. — To  render  this  report  complete^ 
with  reference  to  researches  made  in  France,  a  brief  account  of 
the  experiments  of  Gouvernain  should  be  given,  althovgh  they  are 
of  inferior  accuracy.  The  results  were  published  in  1825,  at  Dijooi 
in  pamphlet  form;*  and  the  mixtures  were  made  by  volume,  at  the 
indicated  temperatures  both  for  the  alcohol  and  water.  The  fol- 
lowing table  contains  the  specific  gravities  obtained;  water  at  10* 
Reaum.,  being  1000. 


Per  ot. 

of  al- 
cohol. 

0«. 

5*>. 

10<». 

IS*'. 

20**. 

10 

989.50 

988.25 

987.00 

985.75 

984.50 

SO 

979.50 

978.00 

976.50 

975.00 

973.50 

30 

971.75 

969.25 

966.75 

964.25 

961.75 

40 

960.00 

9'56.50 

953.00 

949.50 

946.00 

50 

943.00 

939.00 

935.00 

931.00 

927.00 

60 

924.00 

919.00 

914.00 

909.00 

904.00 

70 

900.30 

895.15 

890.00 

884.85 

879.70 

80 

874.40 

869.20 

864.00 

858.80 

853.60 

90 

846.50 

841.25 

836.00 

830.75 

825.00 

100 

810.60 

805.30 

800.00 

794.7 

789.40  • 

RECENT  EXPERIMENTS  IN  ENGLAND. 

95.  By  Mr.  Foufnes, — In  the  Philosophical  Transactions  of  the 
Royal  Society  for  1847,  page  249,  there  is  a  paper  by  Mr.  Fownes, 
^<on  the  value  in  absolute  alcohol  of  spirits  of  different  specific 
gravities,''  giving  the  results  of  a  series  of  experiments  arranged 
in  tabular  form. 

"The  table,'^  says  Mr.  Fownes,  "was  formed  synthetically;  ab- 
solute alcohol  and  distilled  water  were  weighed  out  in  the  required 
proportions,  mixed  in  small  well  stopped  bottles  and  well  shaken  to- 


*  FenroMao  BoUetin  unW.  dt*  mv«iic«%  mtiUiematiqiiet,  t.  vii.  p.  147. 
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f ether.  After  standing  three  or  four  days  the  mixtures  were 
rought  to  the  temperature  of  60^  Fahrenheit  exactly,  and  their 
specific  gravities  determined  with  great  care.  After  the  lapse  of 
two  or  three  days  more,  this  last  named  operation  was  repeated, 
but  IB  no  case  was  it  observed  that  any  further  contraction  had  oc- 
curred. Neither  was  the  specific  gravity  of  a  mixture  containing 
nearly  equal  parts  of  alcohol  and  water,  which  had  been  so  exam- 
ined, changed  by  being  inclosed  in  a  strong  accurately  stoppered 
Ib'ottle  and  heated  for  some  time  to  a  temperature  above  its  boiling 
point." 

^'In  this  manner  each  number  in  tl.e  annexed  table  was  obtained 
by  experiment.  When  completed,  this  table  was  examined  by  va- 
rious methods  to  test  its  accuracy,  but  no  erfor  of  sufficient  magni- 
tude to  limit  its  usefulness  was  detected." 

96.  ^^The  absolute  alcohol  employed  in  these  experiments  was 
prepared  in  the  following  manner:  the  strongest  rectified  spirits  was 
agitated  with  half  its  weight  of  carbonate  of*  potash,  deprived  of 
water  of  crystalization,  and  then  left  in  contact  with  the  salt  some 
days.  It  was  then  decanted  upon  half  its  weight  of  powdered 
quick  lime,  made  irom  black  marble,  contained  in  a  metal  still, 
which  could  be  perfectly  closed.  The  mixture  of  spirit  and  lime 
was  retained  in  a  warm  situation  for  a  week  or  thereabout!?,  and 
th^n  distilled  by  means  of  a  water  bath.  By  this  treatment  the 
specific  gravity  of  the  alcohol  was  generally  reduced  to  0.796,  or 
even  below,  and  by  a  repetition  of  the  process  of  digestion  with 
powdered  lime  and  re-distillation,  the  last  traces  of  "water  were  re- 
moved. In  this  manner,  without  difficulty,  the  very  considerable 
quantity  of  absolute  alcohol  required  for  the  experiments  was  pro- 
cured." 

"Absolute  alcohol  thus  obtained  has  the  specific  gravity  0.7938 
at  60°  Fahrenheit;  it  is  extremely  expansible  by  heat,  which  ren- 
ders the  determination  of  its  exact  specific  gravity  difficult  and 
troublesome,  when  the  temperature  of  the  room  is  either  above  or 
below  60^  Fahrenheit.  Tne  same  remark  applies  to  the  mixtures 
of  .alcohol  and  water  extending  over  more  than  half  the  table,  the 
most  minute  precaution  regarding  temperature  being  necessary  to 
avoid  serious  errors.  In  a  glass  retort  containing  pieces  of  copper 
foil  absolute  alcohbl  boils  at  177°  Fahrenheit,  the  barometer  being 
at  29.75  inches.  Lastly,  when  analyzed  by  combustion  with  oxide 
of  copper,  it  yields  numbers  representing  the  proportions  of  carbon 
and  hydrogen  present  co  closely  agreeing  with  those  required  by 
theory,  as  to  leave  no  doubt  of  its  purity  and  freedom  from  all  ad- 
mixture." 
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TABLE  XXIII. 


Showing  the  proportion  by  weight  of  real  or  absolute  alcohol 
contained  in  100  parts  of  spirits  of  different  specific  gravi- 
ties^ at  the  temperature  of  60^  Fahrenheit. 


Per  cent 

8p.  grav. 

Percent- 

Sp.  grav. 

Per  cent. 

Sp.  grav. 

Percent. 

Sp.  grav. 

0.5 

9991 

26 

9638 

i   •^? 

9135 

78 

8533 

9965 

28 

9609 

54 

9090 

80 

8483 

.9930 

30 

9578 

56 

9047 

82 

8434 

9S98 

32 

9544 

58 

9001 

84 

8382 

9869 

34' 

9511 

60 

8956 

86 

8331 

9341 

36 

9470 

62 

8908 

83 

8279 

9S15 

38 

9434 

64 

8863 

90 

8228 

9789 

40 

'  9396 

66 

8816 

92 

8172 

9766 

42 

9356 

68 

8769 

94 

8118 

9741 

44 

9314 

70 

8721 

96 

8061 

fO 

9716 

46 

9270 

72 

8672 

98 

8001 

22 

9691 

48 

9228 

74 

8625 

100 

7938 

U 

9665 

50 

9184 

76 

8581 

97.  It  should  be  observed  that  Mr.  Fownes  gives  us  no  informa- 
tion with  reference  to  the  accuracy  of  his  weighings,  and  the  re- 
ductions which  he  performed  to  obtain  the  data  of  bis  table  from 
the  observed  results.  We  are  thu.s  left  to  conjecture  whether  any 
correction  was  applied  for  loss  of 'weight  by  atmospheric  buoy- 
ancy. 

A  still  greater  oversight,  not  uncommon  with  Knglish  chemists, 
has  been  committed  by  him  in  omitting  to  state  the  density  which 
he  assumes  as  unity;  whether  the  maximum  density  of  water,  or 
that  which  it  has  at  60^  Fahrenheit,  or  any  other  arbitrary 
temperature.  Also,  while  he  directs  attention  to  the  ^'extreme 
expansibility  by  heat  of  alcoholic  liquids,  and  the  minute 
precautions  regarding  temperature  necessary  to  avoid  serious 
errors,"  he  tells  us  nothing  of  the  sensibility  and  accuracy  of  his 
thermometer,  or  of  the  manner  in  which  he  succeeded  in  taking 
the  specific  gravities  of  his  mixtures  at  'Hhe  temperature  of  60^ 
Fahrenheit,  exactly.^^  These  omissions  greatly  impair  the  value 
of  his  paper;  for,  however  skillful  a  chi>mi8t  may  be,  he  cannot 
reasonably  substitute  the  authority  of  his  reputation  for  the  faith- 
ful and  detailed  narration  of  observed  facts,  without  detracting 
from  the  merit  of  his  work. 

98.  Researches  of  Mr,  Drinkwater. — These  are  still  more  recent 
than  those  of  Mr.  Fownes,  and  are  published  in  the  London  and 
Edinburgh  Philosophical  Magazine,  for  February,  1848. 

Mr.  Drinkwater  says  of  his  experiments,  that  they  "were  un- 
dertaken, principally,  with  a  view  to  determine  the  relative  pro- 
portions of  anhydrous  alcohol  and  water  in  revenue  proof  spirit." 
Certainly,  we  need  no  further  commentary  on  the  uncertainty  and 
arbitrary  nature  of  the  British  system  than  that  which  is  fur- 
nished  by  the  fact,  that  at  the  pieseivV  d^'j  one  of  the  chemists  of 
that  CQuatry  should  fiad  it  nece^aai'j  \.o  ^^tlQixni  ^  \ici^\v^>xik  ^^\\ft.% 
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of  experiments  to  determine  the  composition  of  ^'proof  spirit," 
which  he  himself  informs  us  is  defined  by  act  of  parliament,  58 
George  III.,  c.  28,  to  be  ^^such  as  shall,  at  the  temperature  of 
fifty -one  di?grees,  by  Fahrenheit's  thermometer,  weigh  exactly 
twelve  thirteenth  parts  of  an  equal  measure  of  distilled  water;"  a 
definition  which,  as  Mr.  Drinkwater  says,  is  incomplete,  because 
the  temperature  of  the  water  is  not  expressly  stated^  but  may  be 
inferred  to  be  fifty -one  degrees,  or  the  same  as  that  of  the  spirit. 
That  this  "proof  spirit"  is  perfectly  arbitrary  is  evident.  That 
out  of  the  country  where  it  is  fixed  ^by  law,  and  adhered  to  by 
force  of  technical  routine  and  rigid  custom,  it  can  have  no  interest, 
and  still  less  any  value,  to  recommend  its  adoption,  will  be  suffi- 
cient reason  for  emitting  all  mention  here  of  what  Mr.  Drink- 
water  has  done  and  said  with  reference  to  it,  except  the  final  re- 
sult to  which  he  was  led,  that  British  "revenue  proof  spirit"  is 
composed  of  49.24  per  cent,  by  weight  of  pure  alcohol,  and 
50.76  per  cent,  of  water,  and  has  a  specific  gravity  equal  to  0.91981 
at  60^  Fahrenheit;  that  of  water  at  the  same  temperature  being 
UBity. 

99.  To  ascertain  by  synthesis  the  above  result,  Mr.  Drinkwater 
was  obliged  to  prepare  absolute  or  pure  alcohol,  and  for  that  pur- 
pose made  the  following  experiments: 

"Carbonate  of  potash  was  exposed  to  a  red  heat  to  deprive 
it  of  water,  and  when  sufficiently  cool  was  pulverized  and  added 
to  ordinary  ulcohol  of  specific  gravity  0.850  at  60'  F,,  till  it 
ceased  to  dissolve  any  more;  the  whole  was  then  allowed  to  digest 
twenty- four  hours,  being  frequ'^ntly  agitated,  and  the  alcohol  was 
carefully  poured  oflF." 

"As  much  freshly  burned  quicklime  as  was  considered  sufficient 
when  powdered  to  absorb  the  whole  of  the  alcohol  was  introduced 
into  a  retort,  and  the  alcohol  added  to  it.  After  digesting  forty- 
€ight  hours,  it  was  slowly  distilled  in  a  water  bath  at  the  tempera- 
ture of  about  180^  Fahr." 

"The  alcohol  thus  obtained  was  carefully  redistilled,  and  its 
specific  gravity  at  60^  Fahr.  was  found  in  two  experiments  to  be 
.7946  and  .7947;  agreeing  very  nearly  with  the  determination  of 
Rudberg,  which  has  been  adopted  by  Gay  Lussac  and  others,  viz: 
.7947  at  59^  F."» 

"It  may  be  proper  to  state,  that  the  specific  gravity  was  taken 
with  a  stoppered  bottle,  which  was  always  counterpoised  by  another 
empty  bottle  of  the  same  glass  and.  form,  placed  in  the  opposite 
pan  of  the  balance;  the  capacity  of  the  weighing  bottle,  at  60^  F., 
was  exactly  1000.01  grains  of  distilled  water;  and  it  was  found  on 
trial  that  this  bottle  could  be  repeatedly  filled  with  the  same 
liquid  with  no  greater  variation  than  one  or  two  hundredths  of  a 
grain." 

"The  temperature  of  the  room  in  which  these  experiments  were 


*  This  assertion  is  in  error.    (See  sectiou  14V.^ 


[50]  490 

made,  was  always  broight  to  60^  F.;  and  the  thermometer  used 
was  a  standard  iDstrnment  by  Newman,  and  extremely  sensitive^ 
(being  graduated  to  one-tenth  of  a  degree);  on  beins  plunged  into 
the  weighing  bottle  filled  with  alcohol  it  displaced  about  4^  grains 
of  that  fluid;  this  portion  was  replaced  from  the  stock  quantity, 
(brought  at  the  time  to  the  proper  temperature)  by  means  of  & 
pipette." 

"  With  a  view,  however,  to  discover  whether  it  were  possible  by 
means  of  lime  to  abstract  any  more  water  .from  the  alcohol,  the 
retort  was  again  filled  with  fresh-burned  and  pulverized  quicklime 
and  the  same  alcohol  n^ixed  with  it;  the  mixture  was  then  allowed 
to  digest  a  whole  week  at  the  ordinary  temperature  of  the  labora- 
tory, about  60°  F.  After  this  time  the  alcohol  was  distilled  off  as 
before,  but  was  redistilled  very  slowly,  at  first  at  the  rate  of  about 
one  drop  in  ten  seconds,  (heat  of  water  bath,  165^  F.,)  this  was^ 
continued  till  about  one-twentieth  of  the  whole  had  distilled  over,, 
the  object  being  to  allow  any  minute  quantity  of  water  which  the 
alcohol  might  still  retain  to  evaporate  or  diffuse  itself  into  the  at- 
mosphere of  absolute  alcohol  above  it;  the  redistillation  was  then 
continued  rapyJIy,  the  heat  of^  the  bath  being  increased  to  180^  F. 
till  about  one  twentieth  more  had  passed  over;  the  receiver  was 
then  changed  and  the  remaining  part  slowly  distilled  off." 

^^The  specific  gravit)  of  this  alcohol  taken  twice  was  .7944  at 
60^  F.  As  a  further  test  of  its 'purity,  it  was  divided  into  two 
equal  parts;  one  part  was  again  digested  on  quicklime,  and  the 
other  on  sulphate  of  copper  deprived  of  water  by  heat,  the  method 
of  operation  being  as  follows:" 

'*  I.  Some  lumps  of  fresh-burned  quicklime  were  heated  to  a  red 
heat,  and  in  tbHt  state  quickly  pulverized  and  introduced  into  the 
tin  boiler  of  a  small  still,  which'was  partly  immersed  in  water  to 
prevent  the  melting  of  the  solder." 

'^  This  vessel  was  completely  filled  with  quicklime,  and  was  kept 
corked  till  sufficiently  cool,  when  the  alcohol  was  added,  but  it 
being  comparatively  small  in  quantity  the  lime  appeared  perfectly 
dry;  the  vessel  was  then  securely  corked." 

2.  ^^  A  quantity  of  sulphate  of  copper  was  exposed  to  a  red  heat 
till  completely  deprived  of  water;  it  was  then  quickly  pulverized 
and  introduced  into  a  small  tin  boiler,  and  when  cold  the  alcohol 
(which  was  insufficient  to  cover  it)  was  added,  and  the  vefsel 
closely  corked." 

"  These  vessels  with  their  contents  were  kept  at  the  ordinary 
temperature  of  the  laboratory,  about  (60^  Fahrenheit,)  for  four 
days;  they  were  then  partly  immersed  in  a  water-bath,  and  kept  at 
a  temperature  of  about  150*^  Fahrenheit  for  forty-eight  hours,  after 
which  the  alcohol  was  distilled  and  re-distilled  with  all  the  precau- 
tions before  mentioned;  the  temperature  of  the  water-bath  on  the 
re-distillation  never  exceeded  172^  Fahrenheit,  and  the  first  tenth 
part  was  put  aside  in  each  case  as  possibly  impure." 

^^  The  specific  gravities  of  the  alcohol  thus  obtained  were  as 
under: — 
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Alcohol  distilled  from  desiooftted  Aloohol  distilled  from 

sulphate  of  copper.  quioklime. 

I 79470  .79409 

II 79472  .79412 

<<From  these  experiments  it  would  appear  that  sulphate  of  cop- 
per, when  deprived  of  water,  is  not  so  effective  as  quicklime  in  re^- 
moving  the  last  traces  of  .water  from  alcohol.'' 

^^  It  was  observed,  however,  that  in  general  the  specific  gravity 
of  the  alcohol  gradually  increased,  probably  from  its  hygrometric 
property,  by  which  it  absorbed  a  minute  quantity  of  moisture  from 
the  air  on  being  transferred  from  one  bottle  to  another;  and  think- 
ing, consequently,  that  a  small  quantity  of  moisture  might  have 
leen  abstracted  from  the  atmosphere  during  the  distillation,  (which 
-was  conducted  in  the  usual  way,)  and  the  specific  gravity  thus 
slightly  increased,  I  considered  it  desirable  to  make  another  exper- 
iment, in  which  this  source  of  error  should  be  guarded  against,  by 
conducting  the  distillation  as  much  as  possible  out  of  contact  with  • 
the  external  air,  and  proceeded  as  follows:'' 

''  The  different  portions  of  alcohol  before  obtained  were  mixed 
together,  when  the  specific  gravity  was  found  to  be  .7947;  this 
alcohol  was  again  digested  at  a  temperature  of  about  150^  Fahren- 
Leit  for  fourteen  days  with  quicklime,  previously  heated  to  redness, 
as  in.  the  former  experiment;  it  was  then  slowly  distilled  out  of 
contact  with  the  external  atmosphere  by  means  of  a  tube  which 
passed  from  the  condenser  through  a  cork  into  the  bottle  in  which 
it  was  to  remain,  (the  temperature  of  the  water-bath  was  175®  Fah- 
jenheit,)  and  the  first  tenth  p&rt  was  put  aside  as  possibly  contain- 
ii^  a  minute  quantity  of  water;  the  remainder  was  then  distilled 
off  at  178®  to  180®  Fahrenheit." 

^^  This  alcohol  was  quickly  transferred  to  a  dry  retort  and  re- 
distilled in  a  similar  way,  (heat  of  water-bath  172®  Fahrenheit ;) 
the  first  tenth  part  was  put  aside,  and  the  remainder  kept  as  being 
pure  anhydrous  alcohol,  or  as  free  from  water  as  it  is  possible  to 
obtain  it  by  this  process.  The  specific  gravity  was  taken  the  next 
day  with  all  the  precautions  before  mentioned,  the  alcohol  being 
also  kept,  during  the  time  of  transference,  as  much  as  possible  out 
of  contact  with  humid  air,  whea  the  results  of  four  trials  were  as 
follows:" 

Temperature  of  the  room,  60®  F.;  Barometer,  29.810. 

1 793836 

II 793806 

III 793798 

IV 793804 

Mean 793811 

*<  A  portion  of  this  alcohol  was  subsequently  digested 'with 
quicklime  for  three  months;  it  was  tlien  distilled,  and  its  specific 
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grayitj  was  found  to  be  exactly  the  same  as  before.  We  may, 
therefore,  conclude  with  considerable  certainty  that  the  number 
0.79381  expresses  the  specific  gravity  of  absolute  alcohol  at  60^ 
Fahrenheit,  within  a  very  close  degree  of  approximation.'' 

100.  In  making  his  mixtures,  Mr.  Drinkwater  used  the  following 
process:  ^' Two  light  flasks  were  procured,  capable  of  containing 
each  2,200  grains  of  water.  The  alcohol  and  water  were  weighed 
separately  in  these  flasks  with  tKe  greatest  care;  after  which,  the 
flasks  were  joined  without  mixing  the  liquids — the  neck  of  one  be- 
ing ground  into  the  neck  of  the  other  for  that  purpose.  The 
liquids  were  then  thoroughly  mixed  by  transferring  them  alternate- 
ly from  one  flask  to  the  other.  The  flasks  were  disconnected  when 
the  mixed  contents  became  cool,  which  were  then  transferred  to  a 
clean  and  dry  well-stoppered  bottle,  and  further  secured  by  tying 
a  piece  of  caoutchouc  over  the  stopper." 

*^It  may  also  be  proper  to  mention  that,  when  placed  in  the 
balance,  these  flasks  were  always  counterpoised  by  other  emptj 
flasks  of  the  same  material,  and  of  very  nearly  equal  size  and 
shape;  and  to  prevent  loss  from  evaporation,  a  ground  glass  cap 
was  placed  over  the  mouth  of  each  flask  ab  soon  as  the  exact 
weight  was  obtained.  The  errors  of  observation  could  not,  1  believe, 
in  any  case  exceed  one  hundredth  of  a  grain,  as  the  balance  used  ia 
these  experiments  was  one  of  Robinson's  best  instruments,  which 
was  previously  adjusted  by  Newman  expressly  for  the  purpose;  it* 
was  turned,  with  its  greatest  load,  by  less  than  one  hundredth  of  a 
grain." 

101,  Having  found  the  table  of  Lowitz,  which  is  frequently 
given  in  English  chemical  works,  incorrect,*  Mr.  Drinkwa.ter  ^^con- 
sidered it  desirable  to  make  a  few  mixtures  of  pure  alcohol  and 
water,  from  which  to  calculate  a  more  correct  table  for  estimating 
the  quantity  cf  alcohol  in  mixtures  containing  not  more  than  ten 
per  cent,  of  that  liquid." 

^^  Eleven  mixtures  were,  therefore,  made,  containing  exactfy 
^,  1,  2,  3,  4,  5,  6,  7,  8,  9  and  10  per  cent,  by  weight  of  absolute 
alcohol.  These  mixtures  were  made  in  the  same  apparatus,  and 
with  all  the  precautions  described  in  the  former  experiments.  They 
were  allowed  to  stand  at  least  twenty-four  hours,  with  occasional 
agitation,  before  the  specific  gravities  were  taken;  and  several  of 
them  were  taken  again  after  a  period  of  forty-eight  and  seventy- 
two  hours,  without  any  sensible  variation.  Tae  particulars  are  set 
forth  in  the  following  table: 
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TABLE  XXIV. 
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1    "S 

1 

i 

Wh€B  the  AJxtores  were  m»d«. 

When  tb« 

Bpeeifb  cinvkies 

wore  taken. 

Alcohol  and  w&ter 

3      . 

i  . 

11 

If 

as 

B^   1 

•32 

!«4 

-5" 

IE, 

AJoohol. 

W*tffr. 

3   9   ft^ 

1°' 

1° 

6r«.           6ri. 

^.5  -1 

-  1004.5 

0.5 

flO<* 

29.700 

,99905 

6nF. 

29.690 

IKO  - 

-  lOfid.tt 

LO 

60 

29,700 

.99613 

60 

29.690 

22.0  - 

'  1073.0 

2.0 

60 

29,690 

.99^29 

60 

29.500 

as.o  ^ 

-  1067.0 

3,0 

60 

29.7  m 

.99454 

60 

29.610 

44.0  - 

-  1056.0 

4,0 

60 

29.690 

.992=^3 

60 

^.500 

55.0  - 

-  1045.0 

5,0 

60 

29,718 

.99121 

60 

.  £9.610 

ee.o  - 

-  1034.0 

6,0 

6# 

29,742 

.98063 

60 

29.644 

77,0  . 

-  1033.0 

7.0 

60 

39.742 

.90613 

60 

29,644    , 

,  9 

as.o  - 

-  10 J £.0 

3.0 

60 

29.670 

.9S66S 

GO 

29,800 

la 

99.0  - 

-  lOOLD 

9,0 

60. 

29.670 

.9S&27 

60 

29.S00 

u 

110.0  - 

-    990,0 

10,0 

60 

4 

29. sop 

.983^9 

60 

29.566 

From  the  aboye  data  the  following  tdble  has  been  calculated: 
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TABLE  XXY. 


Table  of  the  quantity  of  absolute  alcohol  by  weight  contaiMti 
in  mixtureif  of  alcohol  and  water  of  the  following  tfecffk 
gravities: 


0.00 

V3 

&i  ql 

< 

r 

< 

< 

'  i.oono 

,9967 

i.7S 

.9934 

3,67 

.9901 

5,70 

.9Se9 

T,S5 

.9999 

0.05 

.9966 

LS3 

.9933 

3.73 

.9900 

S.T7 

.9S6S 

'M 

.9993 

OJI 

.9965 

IM 

.9932 

3.78 

.9S99 

5,83 

.9367 

7,9* 

.9997 

0.16^ 

.9964 

1.94 

,9931 

3.34 

.9S98 

5.89 

,9S6& 

a.w 

.9996 

0.21 

1  .9963 

1,99 

,9930 

3.90 

,9897 

5.96 

.9865 

S.ll 

.9995 

0.26 

-  .9962 

2.05 

,9929 

3,96  ' 

.9896 

6.92 

.^61 

8.31 

,S>994 

0.32 

.9961 

2.11 

.9924 

4,02 

,  .9395 

6.09 

.9863 

3. IT 

,  .9993 

0.37 

.9960 

2.17 

.9927 

4, OS 

.9394 

6.15 

.93621 

3.34 ; 

.9992 

0.-I2  ' 

,9959 

2.22 

.9926 

4,14 

.9S93 

6.22 

.9361 

S,41 

.9991 

0.47 

.995S 

2.25 

.9925 

4.20 

.9S92 

6.29 

.9360 

8,4$ 

,  91/90 

0.53 

.9957 

2.31 

f  .392\ 

4.27 

.9891 

6.35 

.9859 

3.A5 

jm9 

0,5S 

,y956 

2.39 

,     -9923 

4.3'i 

.9S90 

6,42 

.9S5^ 

$M 

,99.'^H 

O.Ul 

.9955 

2.45 

1  ,9922 

4.39 

.9S89 

6.49 

,9357 

870 

.9I»S7 

t}.li9 

.^$5X 

2.51 

,992J 

4,45 

.9S8S 

6.55 

,9856 

S.77 

.MiMfi 

0.74 

.9953 

2.57 

.9920 

4.51 

.98*^7 

6.<>2 

.9.^55 

8.B4 

.99.^5 

O.SO 

.9952 

2.62 

.9919 

4.57 

.98S6 

G.69 

.9354 

§.91 

.99-1^ 

0.H5 

.9951 

2.dS 

,99  IS 

4.h4 

.9S85 

6.75 

.9353 

S.9S 

,99Ha 

U,91 

.9950 

2.74 

.9917 

4.70 

.9884 

6.82 

.9352 

9.05 

,91152 

0.9ti 

.9949 

2.79 

.99J6 

4.76 

.9883 

6.S9 

.9351 

9.12 

.99S1 

1.02 

.9948 

2.85 

.9915 

4.82 

.9882 

6.95 

.9850 

9.20 

,99S0 

K07 

.9947 

2.91 

.9914 

4M 

,9881 

7.02 

.9949 

9,27 

.9979 

1.12 

.9946 

2.97 

.9913 

4.94 

.9880 

7.U9 

.9848 

9,34 

.tMJ7?^ 

l.iS 

.9945 

3.02 

,9912 

5.01 

.9879 

7.16 

.9'*4: 

*,4I 

.9977 

1.23 

.9944 

3.0^ 

,9911 

5.07 

.9873 

7.23 

.9346 

9.49 

.9976 

LSU 

.9943 

3.14 

,9910 

5.13 

.9^77 

7.30  , 

.L*345 

9.56 

.9975 

1.34 

,9942 

3.20 

.9909 

5.20 

.9!i7fi 

7.37 

.9344 

9.0 

.9974 

1.40 

.9941 

3.26 

.990^ 

5.26 

,9875 

7.43 

.9343  »,7fl 

,9973 

1.4^ 

.9940 

3.32 

,9907 

5.32 

,9874 

7.50 

.9^42  9.7S 

.9972 

I.5I 

.9939 

3.37 

.9906 

5.39 

,9373 

7,57 

,9341 

P.S5 

.9971 

1.56 

.9938 

3,43 

.9905 

5,45 

,9372 

7..  64 

.9840 

%M 

.9970 

J. 11 

,9937 

3.49 

.9904 

5,51 

.9*71 

7.71 

,  .983^» 

9.m 

,^1969 

K67 

.9936 

3.55 

.9903 

5,63 

.9870 

T.78 

.933« 

10.*: 

.996S 

1.73 

.!»935 

3.61 

.9902 

5.64 
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102.  I  have  now  given  k  very  full  and  complete  account  of  all 
le  researches  with  reference  to  the  specific*  gravities  and  corres- 
rading  strengths  of  alcoholic  liquors,  of  which  I  possess  any 
sowledge.  Although  I  have  made  diligent  search  for  such  infor- 
iition,  it  is  probable  that  similar  experiments  may  have  been  per- 
rrmed,  which  have  escaped  my  notice,  but  which  may  hereafter 
teome  known  to  me;  if  so,  and  they  should  contain  anything  of 
iportance,  I  will  communicate  it  in  H  future  or  supplementary 
tport. 

I  shall  next  endeavor  to  show,  by  comparing  the  preceding  re- 
gdts,  to  what  extent  they  confirm  or  conflict  with  each  other;  in 
ider  that  the  facts  which  they  establish  by  theit  collective  evi- 
ipice  may  be  rendered  manifest;  and  that  any  series  of  data  which 
liy  be  adopted  by  our  government  Qiay  readily  be  seen  to  be  both 
ISt  and  true,  if  in  accordance  with  such  cumulative  testimony  of 
iferent  and  skilful  observers. 

^mfication    of   the   preceding   results^   by  comparist^n  with    each 

other.  ^ 

- 106.  In  explanation  of  the  following  table  of  comparison  be- 
veen  the  results  of  the  last  series  of  experiments  of  Messrs.  Gil- 
ls and  Blagden,  (see  Table  IV.,)  and  those  of  M.  Delezennes, 
■ee  Table  XIX.,)  it  should  be  stated  that  the  following  calcula- 
i'oD^  were  made:  the  equivalent  per  cents,  by  weight  for  the  mix- 
nrei  of  Messrs.  Gilpin  and  Blagden  were  obtained,  as  well  as  that 
or  their  standard  alcohol  of  the  specific  gravity  0.825  at  60^,  the 
Icohol  of  Delezennes  being  takea  as  100  per  cent.,  or  absolute; 
hii  gave  a  series  of  mixed  numbers  integral  and  fractional,  as 
hoie  for  the  first  column  of  Gilpin's  work;  The  corresponding 
pecific  gravities,  taken  from  Table  IV.,  were  then  reduced  to  the 
eale  of  water  unity  at  O^c.  or  32^  Fahrenheit,  instead  of  60^ 
*^ahrenheit,  employing  Gilpin's  data  for  the  reduction,  which  were 
rraaged  in  a  second  vertical  column.  In  this  manner  astibsidiary 
abla  was  formed,  from  which  the  specific  gravities,  given  as  those 
if  Oilpin,  were  obtained  by  means  of  a  rigid  formula  of  interpo- 
ation,  account  being  taken  of  the  second  differences. 
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404.  It  will  be  seen  by  inspection  of  the  columns  of  di£fercnceS| 
in  the  table  just  given,  that  the  greatest  discrepancy  amounts  to 
one-half  of  a  per  cent,  only,  which  happens  in  three  instances; 
while  the  mean  difference  is  less  than  one-fourth  of  a  per  cent. 
This  may  be  in  part,  if  not  wholly,  accounted  for  by  the  fact  that 
Delezennes  used  alcohol  and  water  which  had  not  been  deprived 
of  air,  (see  82j  words  in  italic,)  but  the  difference  itself  is  in  every 
^case,  except  the  three  just  mentioned,  too  trifling  to  be  worthy  of 
^consideration  for  practical^  purposes. 

105.  To  render  the  correspondence  of  the  two  sets  of  data  more 
evident,  and  any  errors  apparent,  I  caused  them  to  be  represented 
each  by  a  curve.  The  two  curves,  (see  Plate  A,  herewith  sub- 
mitted,) indicate,  by  their  similarity  of  form,  the  general  accor- 
dance of  the  fundamental  experiments;  while  the  irregularities  of 
that  for  the  results  of  Pelezennes,  whibh  occur  at   the  points  cpr- 

.  responding  to  the   three   cases  of  maximum   discrepancy,    clearly 
>prove  that  in  those  instances  Delezennes  is  in  error. 

106.  Having  thus  shown  that  the  results  of  Delezennes  confirm 
tUose  of  Messrs.  Gilpin  and  Blagden  in  a  very  remarkable  manner, 
I  next  sought  to  verify  the  tables  of  Tralles.  For  this  purpose,  I 
caused  the  fundamental  data  in  table  VII.  to  be  deduced  from  those 
of  table  IV.;  the  requisite  numerical  calculations  were  made  by  my 
friend  and  assistant,  Mr.  Reynolds,  who  had  also  performed  those  re- 
quired by  the  last  table.  The  following  comparative  table  gives 
the  result  of  this  verification: 

TABLE   XXVIL 
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107.  Among  the  tables  of  results  in  the  preceding  chapter  those 
of  Tralles,  Gay  Lussac,  Gouvernain,  and  Meissner,  are  all  which 
give  directly  the  per  cents,  by  volume  for  liquors  of  different  spe- 
cific gravities.  To  show  to  what  extent  the^  cotx^^^^wA^^  'Cv^'^^ 
were  all  reduced  to  the  common  Umpeiailut^  ol  ^^  '^^\iX^\>^:iftS^^ 
32 
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and  to  the  same  scale  of  water  taken  as  unity  at  its  maximum  den* 

In  this  manner  the  results  were  obtained  which  are  embodied  in 
the  first  of  two  following  tables,  marked  table  XXYIII.;  as  the 
specific  gravities  of  Tralles  are  already  referred  to  the  tempera- 
ture 60^  Fahrenheit,  and  to  the  maximum  density  of  water  as  unity, 
they  were  merely  copied  from  table  YII 

The  second  of  these  tables,  marked  table  XXIX.,  was  computet! 
from  the  first  by  means  of  the  general  formula, 

V  =^  «y) 
given  in  my  former  report.*     It  shows  the  differences  which  would 
occur,  if  any  one  series  of  the  fundamental  data  in  the  first  table 
be  used  instead  of  another. 

By  comparing  the  second  column  of  table  XXIX.  with  that  of 
table  XI.,  it  appears  that  the  latter,  computed  by  Tralles,  is  con- 
firmed by  these  calculations,  which  I  caused  to  be  made  by  two 
persons  independently  to  obviate  errors.  Also,  it  is  evident  that 
while  the  results  of  Tralles  and  Gay  Lussac  accord  very  closely, 
they  differ  considerably  from  those  of  Gouvernain  and  Meissner; 
which,  by  the  method  of  curves,  (see  plate  C,  herewith  submitted,) 
are  found  to  be  improbable,  and,  therefore,  not  to  be  depended 
upon  or  considered  worthy  of  particular  credit.  ' 

TABLE  XXVIII. 
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Specific  gravity  at  60*^  F. 

Trallea. 

Gay  Lass9C. 

Gouvernain. 

Meissner. 

100 
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85 
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45 
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30 
25 
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5 
0 
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.8332 
.8488 
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.9013 
•  .9126 
.  .9234 
.9335 
.9427 
.9510 
.9583 
.9646 
.9700 
.9751 
.9802 
.9857 
.9919 
.9991 

.7935 
8156 
.8334 
8489 
8633 
8766 
.8895 
.9014 
9128 
.9235 
9336 
9428 
9511 
9583 
9645 

1 

.7968 
!8328 
'8609 
.'8870 

!9ii6 

.9322 
[9564 
!9647 
'.9756 
!9858 

.7938 
.8118 
.8298 
.8438 
.8577 
.8697 
.8837 
.8966 
.9076 
.9196 
.9305 
.9404 
.9493 
.9581 
.9640 
.9697 
.9756 
.9795 
.9854 
.9923 

'£cii.  D.c.  No,  165,  ^S;h  Coi^t^*:  2d  sess.,  p.  52;  and  above;  see  p.  55. 
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ii 

i. 

Tralles. , 

Oaj  Lnssac. 

Gouveraain. 

Meissner. 

100 

25.9604 

26.0239 

25.5020 

25.9763 

95 

2216941 

22.6091 

.«••■•• 

23.1830 

90 

20.0192 

19.9W4 

20.0768 

20.5110 

85 

17.8134 

17.7995 

18.5115 

80 

15.8614 

15.8346 

16.1575 

16.5909 

75 

14.0901 

14.0771 

14.9822 

70 

12.4606 

12.4227 

12.7396 

13.1606 

65 

10.9508 

10.9385 

11.5325 

60 

9.5770 

9.653Q 

9.7695 

10. 1807 

55 

8.2954 

9.2837 

8.7429 

50 

7.1237 

7.1123 

7.2731 

7.4691 

45 

6.0783 

6.0670 

•6.33n 

40 

6.1525 

5.1414 

5.2189 

5.3408 

35 

4.3515 

4.3515 

4.3732 

30 

3.6699 

3.6807 

S.6592 

3.7344 

25 

3.0928 

1     ••••••• 

3.1247 

ao 

2.5535 

2.5641 

2.6«10 

15 

2.0199 

2.0929 

10 

1.4507 

1.4405 

1.481d  ' 

5 

0.8166 

0.7760 

0 

0.0901 

1 

108.  To  complete  tble  comparison  of  the  data  of  Tralles  and  Oay 
Lussac,  it  was  necessafy  that  the  two  following  tables  should  be 
constructed:  one,  marked  table  XXX.,  shofiring  the  indications  of 
their  respective  hydrometers  at  different  temperatures;  and  the 
other,  marked  table  XXXI.,  giving  the  corresponding  specific 
gravities.  Those  of  Tralles  have  been  taken  directly  from  table 
aII.,  but  those  of  Gay  Lussac  were  computed  by  means  of  the 
general  formula, 

from  the  6orresponding  data  of  the  table  in  section  ninety-three. 
It  is  not  to  be  presumed  that  the  numbers  of  Oay  Lusstc  should  be 
correct  to  the  tenth  of  a  per  cent.,  any  more  than  those  of  Tralles, 
*(see  section  sixty-seven;)  the  specific  gravities  which  I  have  de- 
duced from  his  results  may,  therefore,  vary  in  the  fourth,  and  some- 
times even  in  the  third,  place  of  decimals,  without  indicating  pro- 
bable errors.  If  this  be  borne  in  nrind«  the  numbers  of  table 
XXXI.  will  appe^  to  be  in  very  close  accordance;  and  the  re- 
searches of  these  two  philosophers  should,  therefore,  be  considered 
confirmatory  of  each  other.  Provided,  however,  that,  as  Berzelius 
asserts,  (see  section  eighty-nine,)  Gay  Lussac  based  his  tables  upon 
original  and  independent  data,  and  not  upon  those  of  Gilpin  and 
Blagden. 


•[«P] 


500 


X 

X 

1-1 
< 


*•* 
'X5 

1 

u 

H 

n  00  >o  CO  e  00  le  et  t« 

1 

J 

«  00  ^  CO  «  o  r*  w  r* 

1 

1 

o  00  ei  o(  o  o>  r>.  t-  ^ 

i 

6 

O  «  ^  Ol  <-i  Ok  00  lO 

alcoholometers  of  Qay 
temperatures. 

1 

\i 

SSSi^SSSSS 

1 

i 
■  1 

eoior*oo»-^c<^» 

6 

*•* 

9 

=3 

—  *  t- *  00  «  *  <o -" 

«0 

St 
V) 

6 

©i«ooo^o<N<or*c< 

0 

It 

h 

i 

-3 
H 

-N  >n  lo  o  r«  ci «  o  <e 

c3 

d 

^^OOOOh-iOOOWOO 

501 


[50] 


•« 

cs 


^  • 

I- 

•«  6 

^  5 

^    IS 

S 

H 

9 

o 

c 


eg' 


^ 

O  OC  CO  O)  -^  00  oil 

o>«^co  ^«55 
tf)  -*  e«  o  00  iP  et 
o>  O)  o>  db  o6  o5  00 

Cn 

^ 

•4 
6 

^ 

1 

6 

«oio?o  -^goSco 

O)  A  A  AOOOOOO 

u 

A  A  A  aSoOOO 

i4 
6 

o  — <o^goi^oo 

SSaaSSSS 

^ 

iiiiiii 

Pi' 

1 

6 

A  A  AAooooag 

^ 

6 

oooo^oeg  A 

A  A  A  AAOOOO 

O 

\i 

gfSSSSS 

I 


[50] 


502 


109.  It  is  evident  that  we  might  multiply  comparisons  of  the  na- 
merous  data  contained  in  the  preceding  chapter,  to  an  almost  inde- 
finite extent.  As,  however,  a  sufficient  number  has  been  given  to 
show  that  the  results  of  Gilpin,  Delezennes,  Tralles,  and  Oay  Lus- 
sac,  strongly  confirm  each  other;  and  as  nothing  but  a  little  arith- 
metic and  simple  algebra  is  requisite  to  make  similar  comparisons 
of  the  weighings  of  Gilpin  and  Delezennes  with  those  of  Messrs. 
Fownes  and  Drinkwater,  I  shall  #dd  only  one  more  table. 

This  table,  marked  table  XXXII.,  is  designed  to  facilitate  the 
calculation  of  the  equivalent  per  cent,  by  volume,  at  60°  Fahr.,  for 
any  given  per  cent,  by  weight,  and  vice  versa.  The  second  column 
was  deduced  from  table  VII.  of  Tralles,  by  means  of  a  simple  alge- 
braical formula,  expressing  the  ratio  of  the  volume  of  the  alcohol 
contained  by  any  spirituous  liquor  to  the, volume  of  the  liquor 
itself,  as  a  function  of  their  respective  densities  and  masses. 


p=  —  v  ; 
D 

p  denoting  the  ratio  of  the  masses,  v  the  ratio  of  the  volumesi  and 
D  d  are  the  densities.  The  fourth  column  was  then  obtained  from 
the  second  by  interpolation. 

TABLE  XXXII. 

Comparison  of  the  per  cents,  by  weight  with  those 
by  volume^  at  60^  Fahr, 


Per  c«nt.  by 

Per  cent,  by 

Per  cent,  by 

Per  cent,  by 

volame. 

weight. 

weight. 

"    volume. 

I 

0.796 

1 

1.256 

2 

«      1.594 

2 

2.509 

5 

4.002 

5 

6.247 

10 

8.054 

10 

12.416 

'     15 

12.149 

15 

•      18.520 

20 

16.283 

20 

24.565 

25 

20,462 

25 

30.550 

30 

24.691 

30 

36.450 

35 

2S.995 

?b 

42.248 

40 

33.392 

40 

47.915 

45 

37.899. 

45 

53.432 

50 

42.523 

50 

58.792 

55 

47.286 

55 

63.973 

60 

52.196 

60 

68.971 

65 

57.255 

65 

73.793 

70 

62.498 

70 

78.402 

75 

67.932 

75 

82.803 

80 

73.686 

80 

86.973 

85 

79.502 

85 

90.878 

90 

85.755 

90 

94.455 

95 

92.461 

95 

97.609 

100 

100.000 

lot 

100.000 
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CHAPTER  II, 

I 

VZW  KXPERIMENT8  ON  THE  SPECIFIC  GRAVITIES  OF  ALCOHOLIC  LIQUORS. 

110.  These  experiments  were  designed  to  attain  two  objects  :  Ist, 
to  test  the  accuracy  of  the  work  ancf  statements  of  others;  and  2dlyi 
to  enable  me  to  testify  of  personal  knowledge,  derived  from  care- 
fully observed  facts,  concerning  the  real  specific  gravities  of  mix* 
tares  '#f  alcohol  and  water,  in  various  proportions,  avid  at  different 
temperatures;  so  that  I  should  become  responsible  for  the  truth  of 
any  method  which  might  be  recommended  to,  and  adopted  by,  the 
government.  They  were  not  intended  to  furnish  results  more  exact 
than  any  heretofore  obtained,  nor  to  advance  general  science;  but 
fiimply  to  constitute  a  set  of  confirmatory  and  independent  inqui- 
ries, of  sufficient  accuracy  for  practical  or  revenue  purposes. 

It  is  very  desirable,  however,  that  a  much  more  extended  series 
of  similar  experiments  should  be  made,  with  far  superior  apparatus, 
and  all  possible  care  and  skill,  which  would  form  the  basis  of  any 
system  subsequently  established  by  law,  and  be  referred  to  in  dis- 
puted or  doubtful  cases. 

111.  I  commenced  my  experimental  work  by  a  thorough  and  care- 
ful examination  of  the  apparatus  which  was  to  be  employed.  The 
fixed  points  and  graduation  of  the  thermometer  were  found  to  be 
correct,  or  at  least  apparently  exact;  and  wiih  reference  to  the  hy- 
drometers, it  was  ascertained  that  they  were  perfectly  tight,  so  that 
no  infiltration  could  occur;  and  also,  that  they  were  free  from  open 
joints  or  fissures  in  which  bubbles  of  air  might  be  retained  by  capil- 
larity. This  was  done  by  immersing  them  entirely  in  freshly  dis- 
tilled water  for  several  days,  during  which  they  were  repeatedly 
inspected. 

112.  1  hfid  three  excellent  and  complete  sets  of  weights;  one,  a 
standard  set  by  Mr.  Hassler,  which  extends  from  one  tenth  of  an 
ounce  to  ten  ounces  troy,  belonging  to  the  office  of  weights  and 
measures,  and  entrusted  to  me  for  these  researches;  and  two  similar 
sets,  copied  from  those  just  mentioned  by  Mr.  Duffey,  a  skilful 
philosophical  instrument  maker  of  Philadelphia.  These  weights  I 
compared  carefully  with  each  other,  and  with  those  used  in  the 
United  States  mint  for  weighing  gold,  which  were*  adjusted,  only  a 
few  days  before,  by  comparison  with  the  mint  pound,  which  is  by 
law  the  standard  unit  of  weight  of  the  United  States.  Only  one  of 
the  weights  by  Duffey,  which  had  also  suffered  from  accidental  inju- 
ry, was  found  to  be  appreciably  in  error;  it  was,  therefore,  dis- 
carded. 

A  series  of  decimal  fractional  weights,  from  0  50  to  OiOOOOl  of 
the  troy  ounce,  adjusted  for  the  purpose  by  Mr.  Saxton,  in  the  of- 
fice of  weights  and    measures,  had   also  been   furnished  me.     Of 
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these,  Mr.  Duffey  made  two  copies  which  were  found  to  agree  witk 
each  other,  with  those  of  Mr.  Saxtoo,  and  with  similar  weights  of 
the  United  States  mint.  This  comparison  was  made  for  me  in  the 
assay  office  of  the  mint,  by  my  friend  and  colleague,  J.  R.  Eckfeldt^ 
esq.,  Assayer,  who  used  for  the  purpose  one  of  the  extremely  sensi- 
ble and  delicate  assay  balances  constructed  by  Mr.  Saxton  for  that 
office. 

In  some  few  instances  I  also  made  use, of  several  British  troy 
pound  weights,  which  were  procured  in  1823  from  the  royal  mint 
of  England,  and  had  been  adjusted  to  the  standard  of  that  mint  for 
the  mint  of  the  United  States,  as  set  forth  in  the  official  certi^cate 
accompanying  fhem.  They  were  all  found  to  be  considerably  ' 
lighter  than  the  United  States  standard,  and  corrections  were  care- 
fully determined  to  reduce  them  to  that  standard,  which  were  ap- 
plied wheneyer  they  were  used.  Some  of  these  weights  were 
slightly  worn,  but  others  were  i,n  perfect  preservation;  it  is,  there- 
fore, evident  that  the  standard  of  the  British  mint  is  lighter  than 
that  of  the  United  States,  the  difference  amounting,  according  to 
my  experiments,  to  about  0.001  ounce  troy  in  three  pounds,  or 
0.00033  in  a^ single  pound. 

113.  I  was  provided  with  two  balances,  madebyDuffey:  a  small 
and  delicate  one,  designed  for  use  in  travelling,  and  which  was 
constructed  expressly  for  and  employed  in  my  analyses  of  the  sugar 
cane  in  the  island  of  Cuba;  and  a  larger  balance,  iormerly  used  by 
me  for  making  the  definite  solutions  required  in  analyses'of  saccha- 
rine substances  by  circularly  polarized  light.  Both  of  these  instru- 
ments were  in  perfect  order.  The  small  one  is  susceptible  of  con- 
venient and  prompt  adjustment  by  screw  motions,  except  with  re- 
ference to  the  relative  vertical  positions  and  the  parallelism  of  its 
knife  edges;  these  were,  therefore,  examined  and  found  to  be  in 
the  same  horizontal  plane  and  very  nearly  parallel;  so  that  weigh- 
ing with  this  balance  possesses  all  requisite  accuracy.  Its  chief  fault 
is  that  it  is  not  provided  with  suitable  mechanical  arrangements  for 
checking  its  oscillations,  so  that  much  time  and  patience  is  needed 
in  using  it. 

The  large  balance  had  no  adjusting  screws,  all  its  parts  being 
rigidly  fastened  together.  It  was,  therefore,  subjected  to  a  strict 
and  careful  examination,  particularly  with  reference  to  the  adjust- 
ment of  its  knife  edges.  This  was  done  by  bringing  those  edges 
into  close  contact  with  long  and  perfectly  straight  steel  rulers,  by 
which  means  their  directions  were  virtually  prolonged  several  feet; 
when  the  distances  between  the  rulers  are  measured  at  different 
points,  any  want  of  parallelism  becomes  very  evident.  I  thus 
found  that  the  knife  edges  of  the  large  balance  were  not  parallel^ 
either  vertically  or  horizontally;  of  course,  very  exact  weighings 
could  not  be  made  with  it,  nor  could  confidence  be  placed  in  its 
indications,  unless  Borda's  method  of  double  weighing  were  follow- 
ed. The'central  knife  edge  was  also  slightly  below  the  horizontal 
plane  in  which  the  knife  edges  of  the  scale  pans  were  situated;. 
the  sensibility   would,  Iherefote^  increase  with  the  load  until  the 
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centre  of  gravity  should  lie  above  the  fulcram,  when  the  equillb* 
rium  becomes  unstabi.e  and  the  indications  may  be  false.  To  render 
my  experiments  frae  from  all  errors  due  to  the  defects  of  workman- 
ship of  this  balance,  I  employed  Borda's  method  in  every  instance^ 
taking  great  pains  to  avoid  disturbing  the  positions  of  the  knife 
edges  when  the  body  was  removed  and  the  equivalent  weights  sub- 
stituted. And  in  order  to  ascertain  whether  it  would  have  caused 
any  difTerence,  if,  by  accidental  neglect  or  otherwise,  the  common 
method  of  weighing  Lad  been  followed,  instead  of  that  of  Borda, 
the  counterpoises  were  always  formed  of  weights;  and  not  of  sub- 
stances of  unknown  masses,  as  is  often  done. 

This  mode  of  operating  possesses,  in  my  opinion,  great  advan- 
tages;  it.  facilitates  the  manipulations  by  pointing  out,  either 
exactly  or  very  nearly,  the  weights  to  be  substituted  for  the  body; 
and  it  renders  errors  much  less  probable,  by  causing  the  operator 
to  select  the  very  weights  which  his  reading  of  the  counterpoise 
weights  calls  for,  so  that  he  is  compelled  to  verify  his  observation^ 
as  he  proceeds. 

Notwithstanding  the  want  of  parallelism  of  the  knife  edgea  of 
Duffey's  balance,  I  did  not  find  that  it  produced  a  perceptible  dif- 
ference in  a  single  instance  whether  the  weighing  was  done 
directly  or  by  Borda's  method.  The  results  are,  therefore,  exact 
to  the  full  extent  of  the  approximation  to  which  the  weighings  were 
carried;  or,  in  other  words,  they  are  not  in  error  to  the  extent  of 
0.001  ounce  troy,  in  any  instance. 

114.  For  making  standard  alcoholic  mixtures,  it  was  necessary 
that  I  should  use  considerable  quantities,  and  that  they 
should  be  as  free  as  possible,  not  only  from  actual  error,  but 
from  just  suspicion  ot  error.  I  therefore  abandoned  Duffey's 
balance,  on  account  of  the  above  mentioned  imperfections,  and 
employed  one  by  Saxton,  belonging  to  the  United  States  mint, 
which  is  of  very  superior  workmanship,  and  entitled  to  entire  con- 
fidence. So  excellent  was  this  balance,  that  it  was  altogether  un- 
necessary to  follow  Borda's  method;  and, as  the  weights  l)elonging 

nto  it  had  been  adjusted  by  a  very  skilful  and  experienced  workman 
only  a  few  days  before,  I  merely  compared  some  of  them  with  each 
other,  and  with  those  of  Duifey  copied  from  the  weights  of  Mr. 
Hassler,  after  which  I  used  them  alone,  or  in  combination  with 
Duffey's  weights,  as  was  most  convenient.  The  greatest  possible 
inaccuracy  in  any  of  those  mixtures,  due  to  instrumental  errors, 
cannot,  I  think,  exceed  the  ten  thousandth  of  an  ounce,  or  the 
five  hundred  thousandth  of  its  own  weight. 

115.  Tt  is  due  to  Mr.  Duffey  that  I  should  here  state  that  the 
large  balance  to  which  reference  is  made  in  what  I  have  said  above', 
was  not  designed  for  other  than  comparatively  rough  determina- 
tions. It  was  a  cheap  instrument,  upon  which  be  had  expended 
but  little  time;  and  if  its  cost  be  taken  into  consideration,  as  well 
as  its  performance,'!  may  confidently  assert  that  better  work  could 
not  be  done  by  any  one.  That  it  should  have  been  used  at  all,  for 
such  work  as  the  present^  is  proof  that  \l  poa«^%^^^  ^t^^\.  ^xi.'^^xvwyN.'^ 
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over  any  balances  of  like  cost  and  pretensions.  Nor  would  it  He 
just  to  compare  it  with  any  instrument,  made  either  in  this  country 
or  in  Europe,  for  which  even  a  medium  price  may  have  been  paid; 
its  cost  having  been,  in  fact,  but  little  more  than  that  usually  paid 
for  a  pair  of  ordinary  grocer's  scales. 

116.  Preparation  of  pure  alcohol. — Pure  alcotiol  and  pure  water 
were  both  needed  for  making  the  standard  mixtures.  The  latter 
recfuired  only  to  be  distilled  under  my  immediate  notice  and  with 
proper  care;  but  it  was  much  more  difficult  to  obtain  the  former  in 
sufficient  quantity  than  I  anticipated.  Messrs.  Powers  and 
Weightman,  skilful  manufacturing  chemists  of  Philadephia,  under- 
took to  supply  me  with  alcohol  of  the  highest  degree  of  .strength 
they  could  prepare.  At  first,  they  were  unable  to  make  it  stronger 
than  97  per  cent.,  but  subsequently  they  succeeded  in  bringing  it  to 
the  strength  of  100  per  cent.,  indicated  by  the  alcoholometers  of 
'[(ralles  and  Gay  Lussac. 

117.  With  several  gallons  of  97  per  cent,  alcohol,  furnished  by 
the  above  mentioned  gentlemen,  I  commenced  my  own  attempts  to 
deprive  it  entirely  of  water.  By  repeated  distillations  with  chlo- 
ride of  calcium,  I  could  not  obtain  a  higher  degree  of  strength  than 
99  per  cent.,  though  every  precaution  was  taken  to  prevent  absorp- 
tion of  moisture  from  the  air  and  apparatus;  I  therefore  abandoned 
that  reagent;  with  which  I  did  not  indeed  expect  better  success 
from  the  first,  because  Dumas  speaks  of  it  as  inefficient,  by  reason 
of  its  affinity  for  alcohol  being  nearly  as  great  as  that  which  it  has 
for  water.*  With  lime,  however,  I  succeeded,  aft^r  six  or  seven 
distillations,  in  bringing  a  small  quantity  to  the  desired  indication 
of  100  per  cent.,  according  to  a  hydrometer  of  Tralles  made  by 
Greiner,  of  Berlin.  Having  re-distilled"  this  liquor  several  times 
over  lime  without  perceptible  change  of  density,  I  considered  it  to 
be  as  strong  as  possible,  or  absolute;  and,  therefore,  desisted  from 
further  attempts  to  obtain  it  of  less  specific  gravity.  These  distil- 
lations were  all  conducted  with  care;  the  still  being  heated  gently 
by  means  of  a  water-bath;  and  every  possible  means  being  taken 
to  use  perfectly  dry  apparatus,  and  to  prevent  the  moisture  of  the 
atmosphere  from  being  absorbed.  They  are  tedious,  and  consume 
much  time  by  reason  of  the  necessity  of  their  frequent  repetition; 
and  they  cannot  be  conducted  with  safety  in  glass  vessels,  because 
the  swelling  of  the  lime  as  it  slacks,  breaks  the  vessels.  In  this 
manner  I  lost  a  large  quantity  of  alcohol,  and  the  labour  of  nearly 
a  week,  which  had  been  expended  upon  it;  after  which  occurrence, 
all  my  distillations  were  carried  on  in  metallic  vessels. 

118.  Since  these  experiments  were  made,  those  of  Mr.  Drink- 
water,!  have  become  known  to  me,  which  give  for  absolute  alcohol 


*  Traite  de  China,  appliq.  aux  Arts,  t.  6.  p.  458. 

t  See  sootion  98  ;  or  the  Lond.  and  Ed.  Phil.  Mag.  for  February,  1S48. 
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a  much  lower  specific  gravity,  as  the  result  of  attention  to  some 
slight  precautions  which  have  heretofore  been  overlooked  by  every 
one  else.  I  therefore  respectfully  suggest  that  this  subject  be  re- 
served for  further  investigation. 

119.  I  did  not  take  the  specific  gravity  of  \he  absolute  alcohol 
which  I  had  prepared;  for  the  reason  that,  about  the  same  time, 
Messrs.  Powers  and  Weightman  succeeded  in  making  a  similar 
article  in  large  quantity,  which  was  apparently  of  the  same  strength 
or  specific  gravity,  according  to  the  hydrometer  of  Tralles  above 
mentioned.  If  there  was  any  difference  between  them  it  was 
scarcely  appreciable,  and  in  favor  of  the  alcohol  made  by  them. 
As  I  need/sd  a  very  considerable  quantity,  to  prepare  which  would 
have  cost  me  much  time  and  labor  with  such  apparatus  as  I  pos- 
sessed,! considered  the  success  of  Messrs.  Powers  and  Weightman 
very  fortunate  for  me,  and  was  glad  to  adopt  their  alcohol  as  the 
standard  alcohol  of  my  subsequent  investigations,  in  preference  to 
that  which  I  had  myself  prepared. 

120.  Both  my  own  alcohol  and  that  of  Messrs.  Powers  and 
Weightman  had  a  peculii:r  and  unpleasant  taste  and  odor,  which 
was  readily  removed  by  filtration  through  coarsely  divided  and 
freshly  calcined  animal  charcoal.  As  the  specific  gravity  of  the 
alcohol,  indicated  by  a  delicate  hydrometer,  was  not  changed  in 
the  least  by  this  filtration,  the  temperatures  being  the  same,  I  con- 
cluded that  the  impurity  to  which  that  taste  and  smell  was  owing, 
whatever  it  might  be,  existed  in  it  in  such  small  quantity  as  to  pro- 
duce no  sensible  effects  of  a  physical  nature,  and  that  it  might, 
therefore,- be  disregarded.  Although  I  cannot  say,  with  any  cer- 
tainty, what  is  the  source  of  the  disagreeable  flavor  of  alcohol  thus 
concentrated,  a  flavor  resembling  somewhat  that  of  cyanogen,  I 
have  but  little  doubt  that  it  is  to  oe  attributed  to  reactions  between 
the  lime  and  vegetable  oils  which  exist  in  small  quantity  in  all 
spirituous  liquors. 

121.  Preparation  of  standard  mixtures, — Having  procured  alco- 
hol of  such  strength  and  purity  that  for  all  ordinary  practical 
purposes  it  might  be  considered  absolute,  I  proceeded  to  make 
with  it,  and  with  freshly  distilled  water,  two  sets  of  mixtures,  one 
constituting  a  series  varying  successively  by  ten  per  cent.  0,  10,  20, 
30,  etc.,  of  which  pure  water  and  pure  alcohol  are  the  extremes, 
knd  the  other  giving  the  intermedite  proportions  5,  15,  25,  35,  etc., 
per  cent,  by  weight  of  alcohol;  the  weighings  being  made,  as 
above  mentioned,  (114,)  with  the  balance  and  weights  used  for 
vAghing  gold  in  the  United  States  mint,  and  with  extreme  care. 

122.  Each  mixture  was  made  in  the  same  conterpoised  bottle, 
which  was  rinsed  out  with  distilled  water,  several  times,  before 
each  operation;  in  order  to  remove  all  traces  of  the  liquor  which 
had  been  in  it  before.  When  the  counterpoise  to  the  bottle  was  pre- 
pared, the  latter  was  as  dry  as  it  was  possible  to  make  it  by  wip- 
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iDg  and  by  beat,  both  externally  and  internally.  Before  putting 
tlie  mixtures  into  the  bottles  intended  for  them,  they  were  well 
shaken  for  several  minutes,  in  different  directions,  to  insure  incor- 
poration and  homogeneity,  ^nd  the  bottles  were  well  rinsed  with 
two  or  .three  successive  portions  of  the  liquors  they  were  to  con- 
tain before  these  were  put  into  them;  the  portions  used  for  rins- 
ing being  first  poured  out  and  thrown  away. 

123.  The  following  table,  marked  Table  XXXIII.,  comprises  the 
data  for  the  first  series  of  mixtures,  10  to  90  per  cent,  inclusive: 

TABLE  XXXIII. 


Apparent 
percent, 
of  alco- 
hol.^ 

Apparent  weights 
in  oz. 

Reduced  weights. 

Reduced  per 
cent,  cf  al- 
oobol. 

Alcohol. 

Water. 

Alcohol. 

Water. 

10 
20 
30 
40 
50 
60 
70 
80 
90 

5 
10 
15 
20 
24 
27 
28 
84 
36 

45 
40 
85 
80 
24 
18 
12 

8.5 

4 

5.00690 
10.01380 
15.02070 
20.02760 
24.03312 
27.03726 
28.03864 
34.04692 
36.04968 

45.04770 
40.04240 
35.03710 
30.03180 
24.02544 
18.01903 
12.01272 
8.50901 
4.00424 

10.0028 
20.0052 
30.0067 
40.0077 
50.0080 
60.0076 
70.0066 
80.0061 
90.0028 

124.  The  mean  observed  temperature  of  the  room,  at  the  time  of 
making  the  above  mixtures,  was  very  nearly  20^  centigrade.  I 
was  not  provided  with  a  good  barometer,  and  did  not,  therefore, 
observe  the  atmospheric  pressure.  In  the  reductions  it  is  assumed 
to  have  been  29.85  inches;  a  mean  value  obtained  from  the  obser- 
vations made  at  similar  periods  of  the  year  and  day  at  the  magnetic 
observatory  of  the  Girard  college;  and  which  is  probably  very 
nearly  the  pressure  which  would  have  been  observed  at  the  time 
and  in  the  mint.  Moreover,  a  correction  for  the  barometer  was 
unimportant,  because  the  error  which  would  have  been  caused  by 
neglecting  it  entirely,  or  by  using  the  normal  pressure  29.93  inches, 
would  have  produced  no  material  difiference  in  the  results.  .Indeed, 
it  is  evident,  from  the  last  column  of  the  preceding  table,  that  for 
all  practical  or  scientific  purposes  we  may  substitute  the  apparent 
for  the  reduced  per  cent,  of  any  of  these  mixtures;  the  maximum 
difiference  being  only  0.008,  or  nearly  one  hundredth  of  a  per  cent., 
a  quantity  which  is  beyond  the  power  of  measurement  of  the  most 
exact  chemical  analysis.  ^ 

125.  The  specific  gravity  of  one  of  the  brass  weights  was  found 
to  be  8.466,  apparently;  which  value  was  employed  in  the  feduc- 
tions,  water  being  taken  as  unity  at  the  same  temperature,  and 
alcohol  assumed  to  be  0  8.     To  have  used  more  exact  values  would 

iiave  rendered  the  calcu\al\ona  more  laborious,  without  compensa- 
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ting  advantages  or  increased  accuracy;  the  probable  errors  of  the 
weighings  being  much  greater  than  the  diflferences,  which  may,  in- 
deed, be  considered  as  infinitesimal,  and,  therefore,  be  rejected  in 
the  reductions.  * 

iro.  Immediately  before  making  the  mixtures  of  Table  XXXIII. , 
the  specific  gravity  of  the  alcohol  to  be  used  for  them  (some  of 
that  made  by  Messrs.  Powers  and  Weightman)  was  determined  by 
means  of  a  large  brass  hydrometer,  and  found  to  be  as  follows: 


Appiurent. 

Redaced. 

At  U^.6  C. 

0.796583 

0.796121 

14*».4 

0.796640 

0.796182 

14  .4 

0.796655 

0.796196 

15®.  0 

0.796102 

0.795618 

water  being  taken  as  unity  at  its  maximum  density,  or  at  the  tempe- 
rature 4^.2  centig.;  and  the  reduced  specific  gravities  difi'ering  from 
the  apparent,  by  reason  of  the  correction  for  the  dilatation  of  the 
brass  of  which  the  hydrometer  was  made.  The  normal  volume  being 
assumed  to  be  that  which  it  would  have  at  4^.2,  or  when  floating 
in  water  of  maximum  density,  tind  the  coefficient  of  linear  dilata- 
tion, 0.000018782,  obtained  by  MM.  Lavoisier  and  Laplade,  being 
adopted.  In  the  same  alcohol,  at  the  temperatftre  14^.4  cent*.,  the 
alcoholometer  of  Tralles,  by  Greiner,  indicated  99J  per  cent,  by 
volume;  its  attached  thermometer  of  correction  reading  —  0  6,  or 
giving  for  the  strength,  at  60^  Fahrenheit,  99.8  per  cent,  by  volume. 

127.  In  weighing  both  the  water  and  the  alcohol,  th^  desFred 
quantity  was  first  calculated,  and  the  required  weights  were  put  into 
one  of  the  scale  pans  with  the  counterpoise  o^the  bottle.  Into  the 
other,  the  bottle  and  a  two  ounce  weight  were  place  J;  the  liquid 
was  then  poured  freely  into  the  bottle,  through  a  funnel,  until  that 
side  of  the  balance  sunk.  The  two  ounce  weight  being  removed, 
the  remainder  to  be  added  was  introduced  by  means  of  a  pipette, 
with  great  care,  and  towards  the  close,  by  single  drops.  If  the 
last  drop  was  slightly  excessive,  the  exact  weight  was  obtained 
by  absorbing  very  stoall  portions  wi*.h  a  capillary  tube  of  glass.  In 
this  manner,  the  equilibrium  was  rendered  perfect,  and  all  errors 
avoided  which  would  sensibly  afi'ect  the  balance;  these  weighings 
-are,  therefore,  as  exact  as  the  workmanship  of  the  balance  and 
weights,  which  was,  as  I  have  already  mentioned,  very  superior, 
(§  114,)  could  give. 

128.  The  quantities  of  the  mixtures  of  Table  XXXIII.  being 
greater  than  were  needed,  the  following  mixtures  were  made  from 
theni;  compounding  them  in  the  proprfrrions  indicated,  and  With 
the  view  of  making  a  series  containing  5, 15,  25,  35,  etc.,  per  cent., 
for  its  successive  terms. 
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Ooooei. 

Per  oent. 

Ounces. 

Per  oent. 

Onnoee. 

Per  oent 

16 

of 

10 

with 

'      l^ 

of 

0» 

=  30 

of       5 

7.5 

20 

II 

7.6^ 

80 

=  16 

"      26 

7 

30 

(1 

7  • 

40 

=  14 

*'      36 

6 

40 

II 

6 

50 

:=   12 

"      45 

6 

60 

u 

6 

60 

=  12 

"      65 

5    . 

60 

II 

6 

70 

=  10 

"      65 

6 

80 

11 

6 

90 

=  12 

'^     86 

This  series  was  not  designed  to  constitute  one  of  standard  mix- 
tures, but  merely  a  link  of  comparison^ and  verification  between 
the  two  sets  of  standard  mixtures  referred  to  in  section  121,  and 
of  which  the  first  is  eiven  in  Table  XXXIII.;  the  second  being 
comprised  in  Table  XXXIV.  below.  To  distinguish  them  I  shall 
call  ^them  secondary  mixtures.  They  were  made  with  Duffey's 
large  balance,  instead  of  the  mint  balance  by  SaXton,  used  fgr  the 
standard  mixtures;  and  are,  therefore,  not  as  exact,  though  the 
probable  error  cannot,  I  believe,  exceed  0  001  oz.  apparent  weight} 
or  0.0001  apparent  per  cent.,  in  any  instance. 

129.  The  second  series  of  standard  mixtures  were  made  on  a 
subsequent  day,  at  the  same  hour,  and  in  precisely  the  same  man- 
ner as  the  first.  The  building  being  heated  by  a  furnace,  and  kept 
at  a  uniform  temperature  from  day  to  day,  the  observed  mean  tem- 
perature was  very  ne£^rly20^  C,  on  both  occasions.  Hence  the 
coefficients  of  reduction  did  not  vary  for  the  two  series. 

The  precise  alcohol  used  for  compounding  the  first  mixtures  be- 
ing exhausted  by  ihem,  some  furnished  in  a  separate  vessel  by  the 
manufacturers,  at  the  same  time  and  as  the  same  article,  had  to  be 
used  for  the  second  series  of  mixtures.  And  to  avoid  the  possi- 
bility oTerror,  which  would  arise  if  these  two  alcohoU  were  not 
the  same,  the  specific  gravity  of  the  second  was  taken  as  that  of 
the  first  had  been, ^section  125,)  with  the  same  hydrometer,  and 
with  the  following  result: 

At  15.^4  cent,  apparent  specific  gravity  0.795903;  which  gives 
for  the  reduced  specific  gravity  p.795401. 

The  same  liquor  gave  on  two  other  occasions  at  the 

Temp.  16. °9  C.  apparent  specific  grav.  .794566,  or  reduced  .793987 
''       17.°9  "  .     "  .793692  "  .793079 


Correction  for  1^  cent 000864  ,000908 


If  we  apply  similar  corrections  to  the  specific  gravities  of  this 
alcohol  obtained  at  15.^4  cent.,  in  order  to  reduce  them  to  14.^4 
cent.,  the  temperature  at  which  two  of  the  determinations  of  the 
density  oi  the  first  alcohol  weie  experimentally  made,  we  have. 

At  14.°4  cent.,  the  apparent  specific  gravity....   0.796767 
*«  the  reduced  «'  ....   0.7963Q9; 


•  Water. 
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-which  differ  by  unity  in  the  fourth  place  of  decimals,  from  the  den- 
sities, (sfrction  125,)  obtained  for  the  first  parcel  of  alcohol  at  the 
same  temperature.  It  is  hot  improbable  that  this  difference  is 
owing  to  absorption  of  aqueous  vapor  from  the  atmosphere,  which 
had  occurred  during  the  interval;  and  which  can  scarcely  be  p^e- 
venled,  however  tightly  the  containing  vessel  may  be  stopped. 

The  following  table  embraces  the  observed   and   reduced  results 
for  this  second  series  of  standard  mixtures : 

TABLE  XXXIV. 


Appnrent 

Apparent  weight 

Redaced 

weights. 

Reduced  per 

percent. 

in  oances. 

ceit. 

of   alco- 
hol. 

'^ 

Alcohol. 

Water. 

Alcohol. 

Water. 

6 

2.5 

47.5 

2.50345 

47.65036 

6.0018 

15 

7.5 

42.5 

7.61036 

42.54505 

15.0041 

25 

12.5 

37.5 

12.61725 

37.53975 

25.0060 

35 

17.5 

32.5 

17.52415 

32.53445 

35.0072 

45 

22.5 

27.6 

22.53105 

27.62915 

45.0078 

55 

22.0 

18.0 

22.03036 

18.01908 

55.0079 

65. 

26.0 

14.0 

26.03588 

14.01484 

65.0073 

76 

30.0 

10.0 

30.04140 

10.01060 

76.0060 

85 

34.0 

6.0 

34.04692 

6.00630 

85.0041 

No  mixture  corresponding  to  95  per  cent.  Was  made,  because  the 
supply  of  alcohol  was  insufficient;  its  preparation  was,  consequently, 
.  deferred. 

In  commerce,  spirit  of  95  per  cent,  is  very  seldom  met  with;  and, 
for  practical  purposes,  the  above  table  may,  therefore,  be.  consid- 
ered almost  complete. 

130,  Having  prepared  the  preceding  mixtures  with  all  possible 
accuracy  and  care,  I  proceeded  to  determine  their  specific  gravitir^ 
by  means  of  a  hydrometer  of  Fahrenheit,  made  of  brass,  with  th^ 
exception  of  its  stem,  which  was  of  steel,  that  ic  might  combine 
strength  with  minimum  volume.  The  apparent  weight  of  the  whole 
instrument  at  18.^8  cent.,  with  a  barometric  pressure  of  29.9  inches 
nearly,  taken  with  the  mint  balance,  was  4.711  ounces  troy.  That 
of  its  dish,  and  the  portion  of  the  stem  above  the  index  point, 
0.252,  very  nearly.  To  sink  it  in  water  at  17.^9  cent.,  the  .weight 
required  was  1.3153  ounces;  and   from  these   data  I  obtain  4.7177 

.as  the  absolute  or  reduced  weight  of  the  instrument. 

131.  With  freshly  distilled  water,  this  hydrometer  gave  the  fol- 
lowing results  : 
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Weight  re- 

quireU  to  be 

added. 

Total  re- 
dooed  weight 

Tempera* 
ture. 

Apparent 
speinc  gra- 
vity. 

Redaced  tpe- 
cifio  gravity 

'       1.3153 
1.3140 
1.3143 

6.0328 
6.0315 
6.0318 

17?9  C. 

19.4 

19.9 

0.999366 
0.999151 
0.099201 

0.998589 
0.998296 
0.998318 

In  the'reduced, specific  gravities^  both  the  volume  of  the  instru- 
ment, is  assumed  to  be  that  which  it. would  hav^e  at  4^.  2  centigrade, 
and  corrections  are  applied  for  atmospheric  buoyancy  exerted  upon 
the  stem,  the  dish,  and  the  added  weights.  The  unit  of  density 
being  assumed  to  be  that  of  water  at  its  maximum  density.  And, 
generally;  in  these  investigations,  it  is  to  be  understood,  whenever 
it  is  not  expressly  stated,  that  similar  reductions  are  made,  and  th« 
same  unit  of  density  employed.  The- coefficient  for  the  dilatation 
of  brass,  of  MM.  Lavoisier  and  Laplace,  and  the  table  of  Des- 
pretz,*  for  the  expansion  of  water,  being  used  when  nece3sary  to 
matke  the  reductions  for  which  they  are  intended. 

182.  With  the  first  series  of  standard  mixtures,  the  following 
observed  weights  and  reduced  values  were  obtained  : 


Per  cent. 

Weight 

Total  re- 

Temp,  of 

A.pparent  spe- 
erne  gravity. 

Reduced  spe- 

Temp,  of 

added. 

duced  weight. 

the  spirit. 

cific  gravity. 

the  room. 

•      10 

1.2195 

5.9370 

0  c. 
17.4 

0.983496 

0.98275:^ 

0  c. 
18.8 

20 

1.1427 

5.8602 

17.3 

0.970774 

0.970030 

18.8 

30 

1.0572 

5.7747 

17.6 

0.956611 

0.955388 

18.5 

40 

0.9471 

5.6646 

17.7 

0.938372 

0.937657 

18.5 

50 

0.8206 

5.5381 

18.5 

0.9I74I6 

0.916675 

18.7 

60 

0.6830 

5.4006 

18.0 

0.894639 

0.893940 

18.7 

70 

0.6423 

5.2599 

18.0 

0.871331 

0.870666 

18.5 

80 

0.3970 

5.1146 

18.1 

0.847262 

0.846596 

18.5 

90 

0.2437 

5.9613 

]%3 

0.821867 

0.821242 

18.5 

loot 

0.0737 

4.7914 

18.4 

0.793722 

0.793082 

18.5 

It  should  be  ob'served  that  the  reduced  weights  are  corrected  for 
atmospheric  buo)ancy.  The  only  difference  between  the  apparent 
and  the  true  or  reduced  specific  gravities  is,  therefore,  that  in  the 
latter'  the  volume  of  the  hydrometer  is  reduced  to  that  which  it  would 
ha^e  at  4^.  2  cent.,  according  to  the  coefficient  of  MM.  Lavoisier 
and  Laplace. 

133.  With  the  same  mixtures,  on  a  subsequent  day,  the  follow- 
ing results  were  found  : 


•  Ann.  de  Chim.  et  dc  Phys.  t.  70,  p.  1. 

t  This  alcohol  is  probably  slightly  differeat  from  that  used  for  the  mixtures . 
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Per  eent. 

Weight 
added. 

Temp. 
Centig. 

Redaoed 

weight. 

Apparent  ape- 
oiflo  gravity. 

oific  gravity. 

10 

1.2030 

280.4 

5.9205 

0.980763 

0.979426 

20 

1.1146 

28.95 

6.{!321 

0.966120 

0.964766 

30 

1.0140 

29.7 

6.7315 

0.949454 

0.948068 

40 

0.8946 

30.1 

6.6121 

0.929676 

0.92  318 

60 

0.7630 

30.2 

6.4806 

0.907892 

0.906574 

60 

0.6367 

27.7 

6.3543 

0.886969 

0.8^5792 

70 

0.4975 

27.3 

6.2151 

0.863PI0 

0.862791 

80 

0.3604 

27.5 

6.06S0 

0.839542 

0.838440 

90 

0. 1995 

26.8 

4.9171 

0.814644 

0.813625 

100 

0.0297 

27.1 

4.7474 

0.786433 

0.785399 

100 

0.0323 

26.7 

4.7500 

0.786S63 

0.785849 

134.  Similarly^  the  second  series  of  standard  mixtares  gave: 


Per  cent. 

Weight 

Temp. 

Reduced 

Apparent  spe- 

Reduced spe- 

added. . 

Centig. 

weight. 

cific  gravity. 

cific  gravity. 

6 

1.2615 

19M 

5.9790 

0.990454 

0.9S962S 

15 

1.1774 

18.9 

5.8949 

0.976623 

0.975711 

25 

1.0987 

18.9 

6.8lrt2 

0.963485 

0.962685 

36 

0.9995 

19.1 

5.7170 

0.917063 

0.946264 

45 

0.8790 

19.1 

6.6965 

0.927091 

0.926308 

65 

0.7462 

19.2' 

6.4638 

0.905108 

0.904347 

6'J 

0.60S5 

19.2 

5.3261 

0.8««2297 

0.881652 

76 

0.4657 

19.2 

6. 1833 

0.858642 

0.867914 

85 

0.3177 

19.3 

6.0353 

0.834126 

0.833419 

135.  In  taking  the  specific  gravities  given  above,  all  disturbing 
influences  were  cautiously  guarded  against — such  as  currents  of  air, 
change  of  temperature  either  of  the  room  or  apparatus,  contact 
wijtb  the  vessel,  &c.  In  observing  the  temperatures,  great  care 
was  taken  to  ascertain  whether  the  liquid  was  homogeneous,  and 
to  allow  the  thermometer  to  attain  its  temperature  of  equiIibriuiM| 
as  well  as  to  remove  it  before  any  change  could  have  occurred  by 
reason  of  external  action.  If  time  had  permitted  it,  the  number  of 
observed  results  would  have  been  much  extended.  As  observations 
could  only  be  made  when  the  mean  temperature  of  the  room  and 
the  liquid  was  stationary,  it  would  have  required  a  year  to  obtain 
the  specific  gravities  corresponding  to  the  successive  degrees  of  the 
thermomettT,  which  intervene  between  the  extrem  s  of  summer  and 
winter  temperature,  in  a  climate  so  changeable  as  that  of  any  city 
of  the  United  States. 

136.  To  render  it  evident  to  what  degree  of  approximation  ^he 
preceding  data  agroe  with  those  of  M.  Delezennes,  (see  §  82,)  I 
have  arranged  the  following  comparative  table: 

• 
33 
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Per 

8p.  gravity. 

8p.  gravity. 
MoCuUoh, 

Differ- 

Diff. of 

Variation 

Variation 

cent. 

Oelezeanet, 

ence. 

per  cent. 

for  1<^  C. 

for  1*>  C, 

at  18^  cent. 

at  18^  oent. 

Delezennes. 

1 

MoCalloh. 

6 

0.98970 

0.98981 

0.00011 

0.076 

0.000169 

10 

0.98249 

0.98257 

.00008 

0.061 

0.000228 

6!666302 

15 

0.97575 

0.97599 

.00024 

0.191 

0.000320 

20 

0.96962 

0.96971 

.00009 

0.069 

0.000420 

6!6o6i52 

25 

0.96300 

0.96S16 

.00016 

0.106 

'  0.000525 

30 

0.95576 

0.95563 

.00013 

0.075 

0.000606 

6.666653 

35 

0.94670 

0.94700 

.00030 

0.157 

0.000676 

40 

0.93769 

0.93743* 

.00026 

0.127 

0.00074© 

6!666753 

45 

0.82721 

0.92719 

.00002 

0.009 

0.000748 

50 

0.91670 

0.91711 

.00041 

0.176 

0.000774 

6!666863 

55 

0.90593 

0.90539 

.00054 

0.236 

0.000867 

60 

0.89463 

0.89394 

.00069 

0.302 

0.000769 

6.*666775 

65 

0.88327 

0.88953 

.00074 

0.312 

0.000841 

70 

0.87169 

0.87067 

.00102 

0.435 

0.000849 

6!666'47 

75 

0.85963 

0.85S95 

.00068 

0.276 

0.000864 

80 

0.84823 

0.84661 

.00162 

0.646 

0.000871 

6!666885 

85 

0.83550 

0.83405 

.00145 

0.578 

0.000871 

90 

0.82299 

0.82162 

.00147 

0.522 

0.000871 

6!666968 

100 

0.79529 

0.79335 

.00194 

0.688 

0.000882 

0.000908 

137.  Pfom  this  table  it  is  evident  that  there  is  a  very  close  cor- 
Tespondence  between  the  results  of  M.  Deleaenncs  (^  82)  and  my 
own.  The  differences,  which  arc  at  first  trifling,  gradually  increase 
to  the  last,  as  they  should  have  done,  by  reason  of  the  inferior 
strength  of  the  alcohol  he  employed.  As  he  used  chloride  of  cal- 
cium instead  of  lime,  (§  74,)  there  can  be  no  doubt  that  the  alcohol 
"he  considered  absolute,  was  but  little  if  any  over  99  per  cent., 
(h  117;)  it  is,  moreover,  of  greater  density  than  either  of  the  values 

fiven  for  absolute  alcohol  by  Lowitz,  Meissner,  Gay  Lusfac, 
ownes,  Drinkwater>  and  others,  and  must,  therefore,  be  considered 
of  lower  quality.  Assuming  that  the  last  result  of  the  preceding 
table  is  exact,  or  that  the  difference  between  my  alcohol  and  that 
of  Delezennes  amounted  to  0.7  per  cent,  by  weight  nearly,  the 
^data  furnished  by  his  experiments  become  practically  identical,  or 
differ  inappreciably,  from  mine,  when  the  requisite  corrections  are 
applied. 

138.  I  have  selected  the  experiments  of  Delezennes  in  preference 
to  those  of  others  for  this  comparison,  because  it  has  already  been 
shown  in  the  preceding  chapter  that  they  accord  very  closely  with, 
and  therefore,  confirm  those  of  Gilpin  and  Blagden,  (section  103,) 
and  because  the  comparison  could  also  be  much  more  readily  made 
with  them  than  with  the  latter  directly. 

139.  The  differences  between  all  three  of  these  sets  of  experi- 
ments, when  the  reductions  are  performed,  which  are  requisite  for 
their  reference  to  ii  single  scale  and  to  like  circ  umstances,  do  not 
exceed  a  small  fraction  of  a  per  cent.,  0.2  or  0.3,  except  in  a  few 
parM'rular  cases,  (section  104),  which  are  such  that  the  errors  can 
readiJy  be  perceived  auA  cotitc-led. 
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140.  We  may,  thereforei  consider  it  impossible  that  any  system 
"O/  d^etirmining  the  strength  of  liquors  for  revenue  or  seientific  pur- 
poseSf  which  may  be  based  upon  these  independent  and  confirmatory 
results  J  obtained  at  different  timesy  in  different  countries^  and  from 
alcohol  derived  from  different  substances^  can  be  in  error  to  a  cofi- 
iiderabUj  or  even  appreciable  extent;  if  that  system  be  not  arbitra- 
rily or  improperly  devised. 

And  we  may  confidently  recommend  them  to  the  goyernment,  as 
entitled  to  implicit  confidence,  both  in  reference  to  ordinary  cases^ 
and  to  such  as  may  give  rise  to  disputes  and  .litigation. 

The  necessarily 'limited  number  of  my  experiments  renders  it, 
however,  desirable  that  this  work  should  be  extended;  and  that 
every  minute  cause  of  error  should  be  investigated,  and,  if  possible, 
overcome  in  whatever  researches  may  hereafter  be  made  on  this 
subject,  trifling  though  such  errors  may  seem.  For  that  any  sci- 
entific work,  which  may  become  the  basis  of  operations  arbiti:arily 
established  by  law,  may  possess  the  only  title  which  it  can  have  to 
public  confidence,  it  must  be  rigidly  true. 

141.  The  two  last  vertical  columns  of  the  preceding  tc^ble  shows 
how  very  important  it  is  in  these  experiments  to  pay  strict  atten- 
tion to  temperature.  For  since  a  change  amounting  to  a  single 
degree  of  the  centigrade  thermometer  produces  a  corresponding 
change  of  0.0009  nearly,  we  must  observe  tenths  of  a  degree  with 
accuracy,  if  we  would  avoid  serious  errors. 

This  fact  caused  me  to  consider  it  even  of  more  importance  to 
%  measure  the  temperature  with  accuracy  and  minute  care,  than  to 
carry  the  weighings  to-  the  extreme  limit  of  sensibility  of  the  most 
delicate  balance;  and  I  am  confident  that  such  inaccuracies  as  ex- 
ist in  the  results  of  Messrs.  Gilpin  and  Blagden  are  to  be  attributed 
rather  to  thermometric  errors,  than  to  any  which  might  be  sup- 
posed to  have  occurred  in  their  weighings. 

142.  To  render  my  own  results  as  free  as  possibly  from  errors  of 
temperature,  the  following  precautions  were,  in  every  case,  strictly 
observed  : 

The  mixtures,  the  hydrometer,  the  thermometer,  and  the  glass 
vessel  in  which  the  specific  gravities  were  taken,  were  all  allowed 
to  remain  together  in  the  same  room  for  twenty- four  hours.  If  the 
weather  was  very  cold  or  damp,  a  small  fire  was  kindled  in  the 
room,  which  was  allowed  to  burn  out  without  replenishment.  The 
whole  room,  and  every  object  in  it,  were  thus  brought  as  near  as  ' 
possible  to  a  common  temperature.  Nor  were  windows,  doors,  &c., 
allowed  to  be  opened,  except  for  going  in  or  out  of  the  room,  and 
that  as  seldom  as  possible. 

When  the  specific  gravities  were  taken,  the  temperature  of  the 
mixture  was  rendered  uniform  by  shaking  it  well  before  pouring 
it  from  its  bottle,  and  all  air  bubbles  thus  produced,  or  which  were 
caused  by  pouring  the  liquid  from  the  bottle  were  allowed  to  rise 
to  the  surface  and  break,  before  the  hydrometer  was  immersed. 

Before  removing  the  hydrometer  from  the  liq^uid^  and  as  sooa  a.^ 
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its  proper  load  was  ascertained ^  the  thermometer  was  inserted — at 
first  to  the  depth  of  a  few  inches  only,  and  afterwards  more  and  more 
until  it  nearly  reached,  but  did  not  touch  the  bottom  of  the  containing- 
ressel;  carefully  keeping  it,  also,  from  contact  with  the  side.  In 
this  manner  il  was  easily  perceived  whether  or  not  the  tempera- 
ture of  the  mass  of  the  liquid,  or  of  its  successive  horrizontal 
strata,  was  uniform.  If  any  difference  was  observed,  the  hydrome- 
ter and  thermometer  were  removed,  and  promptly  wiped  as  dry  a» 
possible,  after  which  they  were  allowed  to  rest  until  they  khould 
acquire  the  mean  temperature  of  the  room,  and  th^e  observation  was 
commenced  anew  after  shaking  the  liquid  thoroughly,  in  the  vessel 
containing  it — the  top  being  covered  either  with  a  ground  glass 
plate,  or  with  a  piece  of  sheet  caoutchouc,  protecUd  from  the  hand 
by  a  towel. 

In  all  the  manipulations,  care  was  taken  to  avoid  contact 
1)etween  the  naked  hand,  or  any  thing  which  could  affect  the  tem- 
perature; the  bottles,  the  containing  glass  vessel,  the  thermometer^ 
and  the  hydrometer,  being  handled  as  little  as  possible^  and'always 
with  interposed  cotton  towels. 

When  the  hydrometer  and  thermometer  were  removed,  and  the 
Jiquid  restored  to  its  bottle,  great  care  was  taken  to  avoid  such 
errors,  as  would  certainly  have  arisen,  if  wet  surfaces  were  exposed 
to  the  cooling  influence  of  evaporation.  For  this  purpose,  they 
were  taken  successively  from  the  liquid,  and  quickly  wiped  with 
two  towels;  and  the  glass  vessel  was  siovilarly  treated  as  soon  as 
the  liquid  was  poured  from  it;  time  being  also  allowed  for'the 
restoration  of  these  instruments  to  the  mean  temperature,  to  avoid 
the  possibility  of  erroi;^ 

143.  The  thermometer  employed  was  an  exceedingly  beautiful 
and  delicate  standard  instrument,  made  by  Greiner  of  Berlin,  and 
which  I  had  imported  from  Germany  for  these  researches.  It  is 
divided,  according  to  the  centigrade  scale,  into  degrees  and  fifths 
of  a  degree;  the  fifth  of  a  degree  occupies  the  space  of  about  one 
twentieth  of  an  inch.  The  tenth  of  a  degree  can,  therefore,  be 
observed  with  accuracy.  It  is  scarcely  necessary  that  I  should  say^ 
that  in  the  construction  of  this  instrument  irregularities  of  the  tube 
were  carefully  attended  to.  The  graduated  scale  is  of  glass:  no 
errors  can,  therefore,  occur  from  unequal  expansion  of  the  tube 
and  scale.  Before  commencing  my  experiments,  and  oftce,  also, 
during  them,  I  verified  the  zero  points  of  this  instrument  and 
another  by  the  same  artist,  by  iramer^ing  them  in  melting  ice. 
They  also  agreed  in  their  indications  with  each  other,  and  with  a 
French  thermometer  of  my  own,  at  higher  temperatures.  But  I 
did  not  verify  the  boiling  point  of  either;  which  should,  perhaps, 
be  done  if  the  results  of  these  experiments  are  considered  worthy 
of  any  credit^  beyond  that^  which  they  w^ere  intended  to  derive 
from  comparison  with,  and  confirmation  of,  the  work  of  others. 

144,  As   a   check,  though  probably  a  comparatively  rough  one, 
upon  the  preceding  experimtuls^  \\i^  ioW^^^vw^  specific  gravities 
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are' taken  witb  DufTey's  large  balance,  by  weigbing  a  bottle  fiUed 
iBu^cessiyely  with  portions  of  the  first  series  of  standard  mixturesi 
(see  ^  123,  table  XXXIII.,)  and  the  secondary  mixtures  of  §  128; 
the  weighings  were  made  both  by  Borda's  method  and  in  the  ordi- 
nary way  without  causing  perceptible  differences.  The  mean  tem- 
perature of  the  room  was  18^  cent,  nearly;  and  the  weight  of  the 
bottle,  when  dry  and  empty,  was  8.976  ounces.  Also,  it  weighed^ 
when  full  of  water,  at  17** :6  cent.,  17.124  ounces  troy. 


Per 

ooot. 

ObMrred 
weight  of  bot- 
tle and  liquid. 

Temperature. 

Redaoed 

weij(ht  of 

liquid. 

Apparent  spe- 
cmo  graTicy. 

Redaoed  sjm- 
oifio  grafiur* 

Before. 

After 

6 
10 
20 
25 
30 
35 
40 
46 
60 
55 
60 
70 
SO 
90 

17.052 
16.993 
16.888 
16.834 
16.775 
16.703 
16.625 
16^41 
161^56 
16.364 
16.272 
16.081 
15.8S5 
15.678 

18**.  1 
18.1 
18.1 
17.9 
17.8 
17.9 
17.7 
17.8 
17.4 
17.8 
17.7 
17.7 
17.7 
17.7 

18*».6 
18.5 
>     18.3 
18.1 
18.0 
18.0 
17.7 
17.8 
17.5 
17.9 
17.7 
17.8 
17.7 
17.7 

8.08376 
8.02677 
7.92179 
7.86779 
7.8i)880 
7; 73681 
7.65882 
7.57484 
7.489S5 
7.39786 
7.30587 
7.11490 
6.91893 
6.71196 

98996 
98274 
969S8 
96327 
95605 
*  94724 
93769 
92741 
91700 
90574 
89447 
87108 
84710 
82176 

98964 
98242 
96965 
96296 
95575 
94794 
93739 
92719 
91670 
90544 
69128 
87080 
84682 
82149 

The  bottle  in  which  these  weighings  were  made  was  one  import- 
ed from  Germany,  and  of  crown  glass;  in  the  reductions,  I  haye 
employed  for  its  coefficient  of  cubic  dilatation  0.000027,  nearly  the 
mean  of  the  data  of  MM.  Lavoisier  and  Laplace. 

146.  The  following  weighings  wefe  made  in  the  same  manner, 
and  with  Duffey's  balance,  in  a  bottle  of  American  flint  glass,  (spe- 
cific gravity  3.1947,)  which  weighed  alone  17.075  ounces  troy,  at 
the  temperature  16^.3,  being  that  of  the  room  at  the  time  of  the 
weighings: 


Per 

Observed 
weight  of  bot. 

Temperature. 

Redaoed 
weight  of 

Apparent  spe- 
oiao  gravity. 

oiflc  gravity. 

cent. 

lie  and  liquid 

Before. 

After. 

liquid. 

0 

47.000 

15^.3  c. 

15^.4 

29.9574 

1.090Q9 

.99980 

10 

46.521 

15.2 

15.3 

29.4785 

93410 

98382 

20 

46.151 

15.1 

15.2 

29.111*) 

97185 

97157 

30 

45.751 

15.0 

15.0 

2S.70S6 

95839 

95812 

40 

45.2ir 

15.0 

15.0 

2S;1746 

94057 

94030 

50 

44.5S7 

15.1 

15.2 

27.5147 

91743 

81717 

60 

43.923 

14.9 

15.0 

26.8803 

89733 

89712 

70 

43.230 

14.7 

14.8 

26.18S0 

87224 

87199 

80 

42.509 

15.0 

14.8 

25.4670 

'85018 

84994 

'"/ 

41.753 

1 

14.9 

15.0 

i      24.1VU 

\             ^'JLWTi 

\       '^^^'L 
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In  the  reductions  of  the  last  column  I  have  used  the  coefficient 
0.000026.  for  the  dilatation  of  the  glass  bottle^  corresfionding  t<f  I^ 
centigrade,  which  is  neatly  the  mean  of  the  results  obtained  by 
yarious  obseryers,  as  will  appear  from  the  following  determina- 
tions: 

Layoisier  and  Laplace*  French  flint  glass 1.00087199 

"                    "          English  «  "'     1.00081166 

Smeaton,                               "  "  "     1.00083333 

General  Roy,  (a  tube,)      "  "  "     •. . . .  1  00077550 

"          "  (a  solid  rod,)"  "  "     1.00080833 

Dulong  and  Petit,          French  "  "     1.00086133 

Despretz,                               "  "  "      1.00086000 

Magnus,                           German  "  "      100085156 

Regnault,  (a  tube,)        French  "  "     1.00088266 

«         (a  globe,)            "  "  \    1.00G86400 

Mean 1.00084534 


These  numbers  being  the  lengths  which  a  piece  of  ^lass  would 
baye  at  the  boiling  point  of  wuter,  if  its  length  at  O^.C,  or  the 
freezing  point,  be  assumed  as  unity,  the  mean  yalue  giyes 
0.00002636  for  the  coefficient  of  cubic  dilatation. 

146.  To  ascertain  the  specific  gravities  at  different  temperatures 
of  the  several  specimens  of  absolute  alcohol,  furnished  by  Messrs. 
Powers  and  Weightman  at  successive  times,  and  used  by  me  in 
these  experiments,  a  large  brass  hydrometer,  having  a  bulb  about 
five  inches  in  diameter  and  seven  inches  in  length,  with  a  stem 
about  one-tenth  of  an  inch  square,  was  employed.  The  object  in 
using  so  large  an  instrument  being  rather  to  diminish  the  etfect  of 
slight  and  temporary  causes  of  disturbance  of  temperature,  &c., 
than  to  obtain  more  exact  weighings.  Indeed,  for  the  latter  pur- 
pose, a  smaller  hydrometer  is  probably  to  be  preferred. 

Whenever  this  instrument  was  used,  the  temperatures  of  succes- 
sive horizontal  stata  of  the  liquor  were  carefully  observed,  and  if 
they  were  found  to  differ,  even  a  tenth  of  a  degree,  the  whole 
mass  was  rendered  uniform  by  repeatedly  inverting  the  vessel  with 
a  rapid  twitching  motion,  by  which  means  perfect  mixture  was 
obtained.  The  same  precautions  with  reference  to  temperature, 
which  were  observed  with  the  small  hydrometer,  were  also  fol- 
lowed with  this. 

147.  With  specimen  No.  1,  this  large  hydrometer  gave: 
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Added 
weight. 

Temperature. 

Redaced 
weight. 

Apparent 
sp.  gravity. 

Redaeed 
sp.  gravity. 

Alcohol. 

Room. 

0.831 
0.839 
0.827 
0.822 
0.7945 

lo!7  C. 
10.6 
•  11.05 
11.3 
12.2 

io!3 

10.2 
11.5 
11.6 
12.2 

28.2136 
28.2216 
28.2096 
28.2046  • 
28.1771 

799788 
800013 
799673 
799iai 
798752 

799494 
799725 
799364 
799212 
798392 

In    the    same  alcohol^the  alcoholometer  of.Tralles  by  Oriener^ 
indicated: 


Temp. 

10^.7  Cent. 
11   .3      " 
12^.2      " 


Per  Cent,  by  Vol. 

•  99.0 
99.0 
99.0 


Correction. 
Attached  Therm. 

—  2°.         R. 

— 1^6     " 

—  1  .26     « 


Each  degree  and  a  half  of  the  correction  thermometer  being 
equivalent  to  one  per  cent  by  weight;  h^^noe  the  indicated  strength 
-was  about  99.7  per  cent,  by  volume  for  this  specimen. 

148.  With  specimen  No.  2,  and  the  same  instrument,  I  obtained: 


Temperatare. 

Weight 
added. 

Redaced 
weight. 

Apparent 
sp.  gravity. 

Redaced 
sp.  gravity. 

Alcohol. 

Room. 

0.776 

12!8 

13!5 

2S.15S1 

798213 

797826 

0.557 

20.6  (?) 

21.0 

27.9396 

792020 

791288 

0.7395 

13.9 

13.1 

28.1221 

797193 

796753 

0.5005 

22.2 

21.3 

27.8831 

790418 

789617 

0.701 

15.0 

14.1 

28.0836 

796102 

795618 

0.718 

14.5 

14.1 

28.1006 

796583 

796121 

0.720 

14.4 

14.1 

28.1026 

796640 

796182 

0.7205 

14.4 

14.1 

28.1031 

794655 

796196 

From  this  alcohol,  specimen  No.  2,  the  first  series  of  standard 
mixtures,  table  XXXIII,  §  123,  were  made.  With  it  Tralles's 
alcoholometer  indicated: 


Temp. 

20^.6     C. 
14   -95 
14   .4 


Per  oent. 
by  volame. 

100.5 
99.5 
99.33 


Thermometer 
or  correotion. 

+  1°.4 

—  0  .25 

—  0  .6 


It    was,    therefore,  of   an   indicated   strength  of  99.6  ^er    ceat..^ 
nearJj. 
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149.  Similarly,  another  sample  of  the  same  alcohol,  from  a  dif- 
ferent vessel,  gave: 


Temperature. 

Weight 
added. 

Redaced 
weight. 

Apparent 
sp.  gravity. 

Redaced 
sp.  gravity. 

Aloobol. 

Room. 

0.701 

16!2 

•,4?1 

28.0836 

796102 

795609 

0.705 

14.9 

14.1 

28.(»876 

796215    . 

795734 

0.712 

14.75 

14.1 

28.0946 

796414 

795941 

0.715 

14.7 

14.1 

28.0976 

796499 

796028 

0.521 

21.3 

21.0 

27.9036  . 

790999 

790237 

0.711 

14.5 

14.5 

28.0936 

796385 

795923 

0.671 

16.0 

16.3 

28.0536 

795261 

794722 

0.6465 

16.9 

17.0 

2S.0291 

794556 

793987 

0.616 

17.9 

18.7 

27.9986 

793692 

793'i79 

0.618 

17.8 

18.0 

28.0006 

793749 

793141 

0.694 

15.4 

16.5 

28.0766 

795903 

796401 

The  second  series  of  standard  mixtures,  tahle  XXXIV.,  §  129, 
were  made  from  this' alcohol,  and  the  last  tesult  was  taken  just 
before  using  it  for  that  purpose. 

160.  A  quantity  of  alcohol,  of  which  the  indicated  strength  was 
95  per  cent,  by  volume,  according  to  Tralles's  alcoholometer  by 
Greiner,  gave  the  following  data,  which  serve  to  compate  the 
dilatation  of^such  liquor  with  that  of  absolute  alcohol: 


Added 

Temp,  of 
alcohol. 

Reduced 

Apparent  spe* 

Redaced  spe- 

weight. 

weight. 

oific  gravity. 

cific  gravity. 

1.320 

17^.7 

28.7026 

0.813614 

0.812995 

1.449 

12.7 

28.8315 

.817271 

.816>80 

1.615 

6.8 

2.S.9974 

821974 

821854 

1.687 

4.1 

29.0694 

824015 

82^020 

1.730 

2.1 

29.1124 

825234 

825332 

1.685 

4.2 

29.0674 

823958 

82396S 

1.68S 

4.1 

29.6704 

824043 

824048 

1.6215 

6.6 

29.0039 

822158 

822047 

1.6275 

6.05 

29.0099 

822328 

822242 

1.614 

6.9 

28.9961 

821945 

821829 

1.630 

6.15 

29.0124 

822399 

822309 

1.214 

20.7 

2^.6925 

810496 

809742 

Although  the  temperature  of  the  room  was  not  recorded,  it  was 
in  every  instance  observed,  and  found  not  to  differ  materially  from 
that  of  the  alcohol. 

151.  To  determine  the  specific  gravities  of  the  preceding  experi- 
ments, from  the  observed  weighings   and    temperatures,  it    was  ne- 
cessary   to  know    the    true   or   absolute   weights   of  the  hydrome- 
ters,  and  the  weights  which  were  lec^^vx^iLVo  ^xwtlhem  respectively 
in  water  at  its  maximum  deus'il^. 
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The  manner  in  which  this  was  done  for  the  large  brass  hydrome- 
ter was  as  follows:  it  was  first  weighed,  with  great  care,  upon  the 
mint  balance,  and  found  to  be  apparently  27.3415  ounces  troy,  the 
temperature  being  20^  cent.,  and  the  probable  height  of  the  baro- 
meter 29.9  inches  nearly.  To  the  observed  or  apparent  weight  we 
must  add,  in  order  to  reduce  it  to  the  true  weight,  the  weight  of 
the  air  displaced  by  the  hydrometer,  minuf  that  of  the  air  displaced 
by  the  weights  in  the  opposite  side  of  the. balance. 

The  weight  of  the  air  displaced  by  the  hydrometer  itself  was  de- 
termined in  the  following  manner:  as  the  mean  of  six  independent 
experiments,  it  appeared  that  at  4^  6  cent.,  the  weight  to  be  added 
to  sink  the  hydrometer  to^  its  index  point,  amounted  to  7.8954 
ounces  troy.  Adding  this  to  the  obserred  weight  of  the  instru- 
ment, we  have  35.2369  ounces  troy,  for  the  apparent  weight  of  the 
displaced  water.  For  the  correction  to  be  applied,  in  consequence 
of  atmospheric  buoyancy  exerted  upon 'the  stem,  the  dish  and  the 
added  weights,  the  weight  of  the  dish  and  that  portion  of  the  stem 
aboTe  the  water  was  ascertained  to  be  0.75  ounces;  adding  this  td 
the  number  7.8954,  we  get  8.6454  as  the  quantity  of  brass  exposed 
to  the  atmosphere.  As  the'^pefific  gravity  of  the  metal,  8.472,  is 
not  very  different  from  this  number,  we  may,  without  appreciable 
error,  regard  their  quotient,  or  the  volumtj  as  unity  nearly^  espe- 
cially as  it  is  to  be  multiplied  by  the  small  factor  0.0013,  the  ratio 
of  the  density  of  air  to  that  of  water.  Hence,  we  have  0.0013  as 
the  correction  for  atmospheric  buoyancy,  and  35.2356  as  the  cor- 
rected apparent  weight  of  the  displaced  water.  Multiplying  this 
number  by  0.0013,  we  have  0.04580628  for  the  weight  of  air  at  0^ 
cent.^  equal  in  volume  to  the  displaced  water.  To  this  we  must  add 
0.000975,  the  weight  of  air  displaced  by  the  stem  and  dish;  and 
from.it  we  must  subtract  0.00419^,  the  weight  of  the  volume  of  air 
at  zero  displaced  by  the. weights  in  the  opposite  scale  pan  of  the 
balance;  and  we  thus  obtain  0.042582,  which  we  must  divide  by 
the  co-efficient  1.G734  of  atmospheric  dilatation  to  reduce  it  to  the 
observed  temperature  20^  cent.  This  gives  the  value  0.03967  for 
the  final  result,  or  correction  to  be  added  to  the  observed  apparent 
weight,  27  3415,  we  have,  therefore,  for  the  reduced  or  absolute 
weight  of  the  instrument  27.3812  ounces  troy. 

152.  In  precisely  the  same  manner,  the  reduced  weight  of  the 
small  brass  hydrometer  was  obtained  from  the  observed  veight, 
4.711  oz.,  at  18^.8,  cent.,  aird  found  to  be  equal  to  4.7177  oz  troy. 
The  data  of  sections  130,  131,  and  coefficients  of  Despretz  for  the 
expansion  of  water,  and  of  Lavoisier  and  Laplace  for  that  of  brass, 
being  employed  in  the  reduction  required  to  obtain  the  weight  of 
the  instrument,  and  also  that  of  itself  and  load,  6.0366  oz.  troy, 
required  to  sink  it  to  the  index  point  in  water  of  maximum  density. 
By  which  number,  therefore,  all  the  weighings  with  this  hydrometer 
are  divided  to  obtain  the  corresponding  specific  gravities;  proper 
corrections  being  first  applied  to  them  for  atmospheric  buoy- 
ancy, &c. 

Also,  similar  calculations  were  made  Cot  a.\ai^^  ^•a.^^Vj^^^xs^^- 
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ter,  described  below,  (section   155,)  by  means  of  the  data  there 
given.     The  details  of  these  calculations  need  not  be  enumerated, 
t  for  they  will    present   no  difficulty  to  any  one  who   shall  reflect  a 
little  upon  them. 
I 

153.  With  the  yiew  of  multiplying  observations  as  much  as  pos- 
sible for  water,  especially  at  temperatures  near  to  that  of  its  max- 
imum density,  and  of  deti^rmining  the  coefficients  of  cubic  dilatation 
for  the  large  brass  hydrometer,  and  one  of  similar  size  of  flint  glass, 
two  sets  of  observations  were  made;  the  results  of  which  are  cob- 
tained  in  the  two  following  tables. 

My  reason  for  endeavoring  to  make  as  many  observations  as  I 
could,  at  the  temperature  of  maximtim  density,  or  rather  at  tem- 
peratures differing  as  little  as  possible  from  that  degree,  and  also 
for  referring  the  volumes  of  the  hydrometers  to  the  same  tempera- 
ture, was  to  ascertain,  as  exactly  as  practicable,  the  probable  errors 
to  which  this  method  of  taking  specific  gravities  must  be  considered 
liable.  If  the  volume  of  the  hydrometer  had  been  refeired  to  the 
normal  temperature  of  0^  cent.,  or  32^  Fahrenheit,  the  corrections 
for  dilatation  would  have  been  multiplied  by  larger  factors,  and 
their  errors  magnified.  ^ 

TABLE   XXXV. 

Densities  of  water ^  taken  with  the  large  brass  hydrometer. 


No   of 

Weight 

Temp,  of 

Temp,  of 

Reduocd 

Apparent  spe- 

Reduced  spe- 

exper't. 

1 

added. 

7.897 

water. 

room. 

weight. 

citie  graviljT. 

cific*  gravity. 

4°.2 

5°.0 

35.2785 

1.000043 

1.000021 

2 

7.899 

6.4 

6.5 

35.2305 

1.000100 

0.999955 

3 

7.895 

4.5 

5.7 

35.2765 

0.9999*^8 

0.999949 

4 

7.8&6 

4.7 

5.2 

35.2775 

1.000014 

0.999964 

5 

7.896 

4.8 

5.2 

35.2775 

1.000014 

0.999958 

6 

7.898 

7.5 

9.0 

35.2795 

1.000071 

0.999'$69 

7 

7.897 

6.7 

6.6 

35.2785 

1.000043 

0.9993^0 

8 

-  7.89S 

6.8 

7.3 

35.2795 

1.000071 

0.999902 

9 

7.893 

7.3 

7.8 

35.2795 

1.000071 

0.999874 

10 

7.896 

8.0 

9.1 

35.2775 

1.000014 

0.999788 

11 

.     7.897 

10.3 

10.5 

35.2785 

1.000043 

0.999677 

12 

7. 898 

7.6 

8.5 

35.2795 

1.000071 

0.999853 

13 

7. 893 

9.0 

8.5 

35.2795 

1.000071 

0.999779 

14 

•  7.895 

10.6 

10.1 

35.2765 

0.999988 

0.999606 

15 

7.8955 

5.6 

4.2 

35.2770 

0.999978 

0.999910 

16 

7.8S6 

2.0 

4.7 

35.2675 

0.999731 

0.999333 

17 

7.8H5 

1.4 

3.7 

35.2665 

0.999702 

0.999838 

18 

7.894 

4.2 

4.9 

35.2755 

0.999958 

0.999936 

19 

7.895 

5.0 

5.5 

35.2765 

0.999983 

0.999921 

20 

7.8975 

7,1 

7.7 

35.2790 

1.000057 

0.999872 

21 

7.898 

8.8 

9.2 

35.2795 

1.000071 

0.999390 

22 

7.893 

12.2 

12.4 

35.2745 

0.99992& 

0.999456 

23 

7.890 

13.5 

13.0 

35.2715 

0.999830 

0.999324 

24 

7.861 

16.5 

17.0 

35.2425 

0.S99022 
0.%98908 

0.998307 

25 

7.857 

17.0 

17.0 

35.2385 

0.998165 

26 

7.851 

17.9 

18.0 

35.2325 

0.993739 

0.997945 

. 

7.826 

23.2 

23.0 

\ 

35.2075 

\ 

0.993030 
\ 

0.996938 
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154.  With  the  glass    hydrometer    the  follox^ing  similar  results 
were  obtained: 

TABLE  XXX7I.       ' 

Densities  of  watery  observed  with  a  glass  hydrometer. 


No.  of 

Weight 

Temp,  of 

Temp,  of 

Reduced 

Apparent  spe- 
omc  gravity. 

Redaoed  spe- 

ezpeHt. 

added. 

water. 

room. 

weight. 

cific  gravity. 

1 

2.686 

9«.0   * 

10*».2 

40.4311 

1.000087 

,     1.000075 

2 

2.5S0 

10.3 

10.-4 

40.4251 

0.999938 

0.999924 

3 

2.5S5 

9.1 

9.0 

40.4301 

1.000062 

1.000050 

4 

2.581 

10.6 

10.1 

40.4261 

0.999963 

0.999949 

6 

2.586 

6.7 

4.5 

40.4311 

1.0000S7 

1.00Qi)84. 

6 

2.5S0 

2.0 

4.5 

40.4251 

0.999938 

0.999943 

8 

2.580 

1.5 

3.7 

40.4251 

0.999938 

0.999944 

8 

2.*582 

4.2 

4.9 

40.4271 

0.999987 

0^999987 

9 

2.5S3 

4.9 

5.4 

40.4281 

1.000012 

1.000010 

10 

2.585 

7.1 

7.7 

40.4301 

1.000062 

1.000055 

11 

2.582 

8.8 

9.2 

40.4271 

0.999987 

0.999976 

12 

2.573 

12.3 

12.4     ^ 

40.4181 

0.999765 

0.999746 

13 

2.569 

13.5 

13.0     < 

40.4141 

0.999666 

0.999644 

14 

2.554 

16.7 

17.0 

40.3991 

0.999294 

0.999265 

15 

2.552 

17.0 

17.0 

40.3971 

0.999245 

0.999214 

16 

2.547 

17.8 

18.0 

40.3921 

0.999122 

0.999090 

155.  The  apparent  weight  given  for  this  hydrometer,  when 
weighed  with  the  mint  balancei  was  37.8025  oz.  troy,  at  the  tem- 
perature of  20^  cent.,  nearly,  and  a  probable  barometric  pressure  of 
29.9  inches.  Its  top  above  the  index  point  was  found  to  weigh 
0.72  oz.;  and,  according  to  experiment  No.  8,  the  weight  required 
to  sink  it  to  that  point  in  water  of  4^.2  cent.,  is  2.582  oz.  troy. 
From  these  data,  with  the  coefficients  used  in  other  cases,  (see  sec- 
tions 115,  151,)  I  deduced  for  its  true  weight,  the  value  37.8456  bz. 
troy;  and  for  the  reduced  weight  of  the  volume  of  water  of  max- 
imum density  which  it  displaces,  40.4276  oz. 

156.  It  may  here  be  stated,  that  in  these  experiments,  4^.?  cent. 
is  always  assumed  to  be  the  true  temperature  at  which  water  attains 
its  maximum  density.  This  value  being  that  which  I  obtained  by 
the  method  of  least  squares,*  from  the  observed  data  of  M.  Des- 
pretz.  It  is,  therefore,  the  normal  temperature  to  which  alt  den- 
sities and  volumes  in  the  reductions  are  referred. 

157.  A  mere  inspection  of  the  two  tables  just  given  is  sufficient 
to  show  that  this  method  of  taking  specific  gravities,  by  means  of 
hydrometers  with  weights,  however  delicate  they  may  be  made,  and 
carefully  the  observations  may  be  performed,  is  not  to  be  relied 
upon  beyond  the  fourth  place  of  decimals,  to  which  extent  it  seems 
to  be  exact.     Thus,  for  instance,  in   Table  XXXV.,  experiments 


•  See  Sen.  Doo.  No.  165.    Second  seasioa  2Stli  CongtQM  j'\».  ^1  \  wski^  ^jiow^^ ^''ifc  ^^"^^ - 
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No.  1  and  No.  18,  were  both  made  at  the  temperature  4^.C.,  that 
of  maxifnum  density;  and  should,  therefore,  have  both  given  the 
specific  gravity  1  000000;  the  probable  error  of  the  first  result  is, 
consequently,  0.000021,  plus,  and  that  of  the  second  0.000064, 
minus;  and  the  range  of  error  is  0.000085,  or  nearly  unity  in  the 
fourth  place  of  decimals. 

Inaccurate  as  this  method  may,  therefore,  seem  to  be,  I  yet  be- 
lieve it  to  be  far  less  so  than  that  employed  by  Messrs.  Gilpin  and 
Blagden,  when  alcoholic  liquors  are  to  be  examined.  For  it  ap- 
pears, by*  the  observed  data  given  in  sections  144,  145,  that  from 
«ome  cause  which  I  could  not  readily  detect,  but  supposed  to  be 
due  to  evaporation  when  the  bottle  is  first  filled,  a  difference  of 
temperature  occurs  during  the  time  of  weighing,  of  one  or  two- 
tenths  of  a  degree  centigrade,  which  must  give  rise  to  errors  of  u 
•  many  units  in  the  fourth  place  of  decimals.,  Nor  could  I  obviate 
-this  difficulty,  though  I  sought  to  do  so  in  every  way  I  could  im- 
agine. 

I  also  attempted  to  use  the  metliod  of  weighing  an  immersed 
body.  And,  for  this  purpose,  prepared  two  hollow  glass  globes 
of  different  sizes,  which  I  loaded  ^o  that  th^y  should  sink  with 
feeble  force  in  pure  water;  the  weighings  were  made  with  Duffey's 
«mal]  balance,  possessing  all  requisite  sensibility  and  accuracy,  bat 
I  could  not  obtain  any  satisfactory  results.  For  alcohol,  the  oscil- 
lations were  so  slow  that  the  temperature  changed  beyond  all  allow- 
able limits  during  the  weighing,  producing  currents  in  the  liquid, 
and  strata  of  different  density  and  temperature.  And  even  with 
water  the  experiments  made  at  the  same  time  were  very  con- 
tradictory. So  that  I  was  compelled  to  abandon  this  method  alto- 
gether. 

There  is  only  one  other  method  which  would,  I  think,  give 
results  much  more  accurate  than  can  be  obtained  by  using  hydrom- 
eters, which  is  that  of  thermometers  made  of  t-he  different  liquids 
to  be  examined,  by  comparing  the  indications  of  which,  the  rela- 
tive volumes,  and  consequently  the  densities,  become  known.  This 
method  I  had  hoped  to  have  fully  tested,  but  I  was  disappointed 
by  reason  of  the  ill  health  of  the  instrument  maker,  whom  I  had 
engaged  to  construct  them;  and  I  could  not,  in  time  for  this  report, 
find  another  person  capable  and  willing  to  undertake,  and  properly 
execute,  the  work. 

It  was  also  my  design  to  have  discussed,  by  the  method  of 
curves,  as  well  as  by  that  of  least  squares,  the  data  given  in  this 
chaptttr,  with  the  view  of  eliminating  all  important  errors.  But  for 
this  task,  which  involves  considerable  labor,  I  have  not  yet  had 
the  necessary  time. 
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CHAPTER  III. 

ents  by  volume  and  weigMj  and  specific  gravities  corresponding 
to  the  indications  of  Dycas^s  hydrometer. 

U  Since  bj  act  of  Congress  the  Secretary  of  the  Treasury  i» 
»rived*Ho  adopt  and  institute  such  hydrometer  as  he  may  deem 
stlc^ulated  to  promote  the  public  interest,  in  lieu  of  that  now 
rib'ed  by  law  for  ascertaining  the  proof  of  liquors,  &c.";  and 
these  researches  were  undertaken  by  request  of  the  Treasury 
rtment,  because  representations  had  been  made  that  Dycas's 
imeter  (the  instrument  now  used  in  the  revenue)  is  inaccurate, 
it  was,  therefore,  ^'deemed  important  to  the  interests  of 
eTenue  that  a  careful  and  thorough  investigation  of  the  sub- 
ihould  be  had,*'  it  became  necessary,  not  only  to  test  the  gen- 
lecuracy  of  Dycas's  hydrometer,  which  was  done  in  the  man- 
i^d  with  the  results  already  reported  on  a  former  occasion,* 
Iso  to  furnish  data  which  would  enable  the  Secretary  of  the 
lary,  in  the  exercise  of  the  authority  confeired  upon  him  by 
t6  substitute  another,  and  a  more  accurate  instrument, 
r  this  pirrpose,  -it  is  only  requisite  to  ascertain  with  accuracy^ 
it  the  real  per  cent,  by  weight  or  volume,  or  in  other  words, 
zact  chvmical  composition  of  each  of  the  several  kinds  of 
r  which  are  classified  in  the  laws  of  the  United  States,  under 
ethnical  terms  ^^first  proof  y^^  ^^ second  proof  ^^  &c.;  so  that  any 
means  which  would  attain  the  same  end  more  correctly  than 
I  now  employed,  may  be  used  instead  of  them. 

h  In  my  former  report  I  have  traced  the  origin  of  these  termv, 
ihdwn  that  they  are  in  no  way  dependent  upon,  or  connecte.l 
general  commerce;  but,  on  the  contrary,  that  they  are  per- 
f  arbitrary,  and  derive  their  existence  solely  from  the  result  of 
e;it  in  the  legislation  of  the  Congress  of  the  United  StatesB.f 
they  are  employed,  or  even  understood  at  all,  by  the  dealers 
irits  in  our  country,  is  simply  dae  to  the  fact,  that  the  duties 
evied  and  paid  in  accordance  with  them.  In  other  countries 
are  unmeaning  words. 

nee  it  is  evident,  that  not  the.  least  inconvenience  or  disad- 
ige  can  arise  from  the  abandonment  of  a  system  which  is  so 
ctly  arbitrary  and  limited.  It  was  created  by  our  govern- 
'  for  its  own  purposes;  and,  similarly,  it  should  now  be 
oyed,  that  a  more  natural,  simple,  just  and  accurate  system, 
take  its  place. 


BD.  Doc.  No.  165,  28th  Cong.  2d  Sc»8.,  p.  100,  and  above  see  p.  108,  1C9. 
10  Ibid.  p.  96;  and  above  see  p.  104.* 
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160.  Although,  in  the  report  to  which  I  have  referred)  I  have 
given  the  definitions  of  the  terms  ^^first  pt9of^  second  proof ^^^  &c.| 
I  may  here  repeat  what  I  have  therein  stated,  for  the  convenience 
of  the  reader.  By  act  of  Congress,*  approved  August  10, 1790,  the 
hydrometer  of  Dycas  is  established  as  that  to  be  used  in  the 
collection  of  the  revenue,  and  spirits  are  divided  into  six 
classes,  to  wit:  1st,  ^^  distilled  .spirit  of  more  than  ten  per 
cent,  below  proof,  according  to  Dycas's  hydrometer;"  2d,  ^4f 
more  than  five,  and  not  more  than  ten  per  cent,  below  proof| 
according  to  the  same  hydrometer;"  3d,  ^4f  of  proof,  and  not  more 
than  five  per  cent,  below  proof,  according  to  the  same  hydrometer;" 
4th,  ^4f  above  proof,  but  not  exceeding  twenty  per  cent.,  according 
to  the  same  hydrometer;"  5th,  '4f  of  more  than  twenty,  and  not 
more  than  forty  per^cent.  above  proof,  according  to  the  same 
hydrometer;"  6th,  "if  more  than  forty  per  cent,  above  proof| 
according  to  the  same  hydrometer." 

Why  these  perfectly  arbitrary  classifications,  dependent  upon  a 
patented  foreign  instrument,  based  upon  unknown  private  data, 
should  have  been  made  at  first,  it  is  now  impossible  to  ascertain.  * 
But,  by  act  of  Congress,  approved  March  3,  1791,*  they  acquired 
technical  names^  which  have  since  secured  to  them  undisturbed  ex- 
istence,*  until  they 'have  become  looked  upon  almost  as  natural  and 
independent  things,  and  not  as  creatures  of  legislative  caprice.  Bj 
that  act,  it  is  enacted  "  that  the  several  kinds  of  proof  shall  be  dis- 
tinguished, corresponding  with  the  order  in  which'they  are  men- 
tioned, by  the  words  Jirst  proofs  second  proofs  third  proof j  fourth 
proof ^  fifth  proofs  sixth  proof  i"^^  and  it  is  made  "the  duty  of  the 
Secretary  of  the  Treasury  to  provide  and  furnish  to  the  officers  of 
•inspection  and  of  the  customs  proper  instruments  for  ascertaining 
the  said  several  proofs." 

161.  In  future  legislation,  all  reference  to  this  arbitrary  das- 1 
sification  should  be  dispensed  with;  and  the  duties  to  be  levied 
should  be  proportional  to  the  per  cent,  by  volume  of  alcohol  in 
any  liquor,  except  in  cases  for  which  the  value  depends  rather 
upon  some  adventitious  circumstances  or  peculiar  flavor;  but  for 
temporary  use,  both  by  the  government  and  by  private  persons, 
until  it  shall  become  well  understood  what  per  cent,  of  contained 
alcohol  is  equivalent  to  each  of  these  "proofs,"  it  was  deemed  ex- 
pedient to  determine  experimentally,  and  with  all  possible  care, 
the  specific  gravities  and  equivalent  per  cents,  corresponding  to 
the  indications  of  Dycas's  hydrometer. 

162.  One  of  the  difficulties  to  be  contended  with  arose  from  the 
want  of  a  standard  instrument,  or  any  data  based  upon  natural 
laws  and  facts.  I  had  been  furnished,  it  is  true,  with  an  instru- 
ment belonging;  to  the  Treasury  Department,  No.  1,019,  made  by 
Dycas;  and   also    with   several   similar  hydrometers,    copied  from 


•  See  Laws  of  the  United  Slates,  \oV.  2.  p.  176.  ch.  66.  Sect.  1. 

•  Laws  of  iho  United  Stales,  \o\,  2,  ^,  ^V^»  Oo.. ^'^ ,  w. Vt  • 
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those  of  Dycas,  under  the  superintendence  of  Mr.  Ftsher,  of  Phila 
delphia.  6ut  as  neither  of  these  instruments  could  be  considered 
as  a  true  standard,  to  which  all  others  might  be  referred,  I  of  ne- 
cessity felt  much  at  a  loss  in  the  matter;  the  more  so,  because  the 
instrument  No.  1,019,  which  was  the  most  authentic,  had  suflfered 
slightly  fiom  indentations. 

In  the  custom-houses  of  New  York,  Boston  and  Baltimore,  I 
found  three  hydrometers  in  excellent  order,  used  as  standards  at 
those  several  ports;  an'd  I,  therefore,  determined  to  adopt  the  mean 
results  given  by  those  three  instruments,  when  compared  with  No. 
1,019  of  the  Treasury  Department,  and  with  an  alcoholometer  of 
Oay  Lussac,  made  by  M«  Collardeau,  who  alone  is  authorized  to 
make  then^  in  France,  and  which  I  had  imported  for  these 
researches.  The  following  table  contains  th#observed  data  of  this 
experimental  comparison: 


Dycas's  hydrometer. 

• 

Per  cent,  by 
volume  .-Gay 

Lussac. 

U.S.Treasary 

Port  of 

Port  of 

Port  of 

Department. 

Boston. 

New  York. 

Baltimore. 

92.0 

325*».2 

325«.6 

87.8 

296.5 

296.6 

84.5 

276.9 

277.3 

• .  •  • . 

84.6 

276.2 



276.3       i 

82.8 

266.7 



266.5 

80.3 



..... 

254.0    ^ 

79.7 

249.6 

249.5 

76.0 

229.4 

..... 

229.7 

75.0 

223.8 

224.2 

..... 

73.2 

215.3 

215.0 

72.9 

214.2 

• . .  • . 

214.0 

69.4 

197.8 



19S.2 

66.5 

183.1 

•  •  •  %. 

183.0 

64.3 

174.0 

173.9 

64.2 

173.0 

..... 

172.6 

62.0 

164.3 

164.7 

... 

59.7 

154.8 

• . .  • . 

J54.8/ 

59.8 

154.0 

t  ••  •  • 

154.0 

55.5 

137.8 

137.3 

55.0 

135.5 

135.7 

53.0 

127.5 

127.0 

50.3 

118.8 

•  •  • . . 

118.6 

.•)0.3 

118.7 

ii9.4 

47.6 

109.7 

110.5 

45.5 

102.8 

..... 

103.3 

43.7 

97.7 

97.3 

41.6 

90.3 

90.5 

34.8 

72.8 

72.7 

• 

30.5 

64.3 

64.0 

163.   From  the  data  just  given  I  constructed  the  following  table 
by  interpolation,  employing  two   methods — one  graphic,  by  means 
of  a  curve  drawn  among  the  given  points,  to  eliminate  prohdble  er- 
rors; and  the  other  numerical,  taking  account  of  second  ditferences: 
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TABLE  XXXVII. 
Comparison  of  Gay  Lussac^s  alcoholometer  with  that  of  Dycas. 


Per  cent. 

Corretponding  degree  of  Dyeas.            | 

by  Tolame 
of  Gay 

%- 

Luaiao. 

By  caloolation. 

Graphically. 

Mean. 

30 

63<».8 

63*.3 

63*.3 

35 

73.2 

73.2 

73.2 

40 

84.7 

85.5 

85.1 

45 

101. 1 

101.2 

101.15 

50 

118.0 

118.0 

118.0 

55 

^  135.5 
^  155.2 

135.5 

135.5 

60 

154.7 

155.0 

65 

178.0 

175.5 

176.7 

70 

199.5 

199.4 

199.5 

75 

224.0 

224.0 

224.0 

80 

251.5 

250.4 

251.0 

85 

279.8 

278.7 

279.2 

90 

311.0 

311.0 

311.0 

164.  According  to  Dycas's  bydrometeri  the  following  are  the  in- 
dicated degrees  which  correspond  to  the  definitions  of  the  differeit 
proofs  given  in  the  laws  of  the  United  States: 

First  proof,   anything  below  118^  Dycas. 


Second 

a 

from 

118^    to    128^5 

Third 

a 

a 

128°.6  to  139<^.75 

Fourth 

a 

above 

139.75  to  189^.0 

Fifth 

u 

cc 

189  0     to  247.0 

Sixth 

u 

(( 

247.0  indefinitely, 

For  these  values,  the  observed  results  of  the  table  in  §  162,  give: 

First  proof,  anything  below  50  per  cent,  by  volume. 
Second  "       from  50    to  53  3  "  " 

Third      "         "     53.3  to  56 
Fourth  " 
Fifth      " 
Sixth      " 


a 
a 


56    to  67.7  " 

67.7  to  79.3  " 

79.3  indefinitely,  " 


165.  With  the  first  series  of  standard  mixtures  of  table  XXXIII., 
^  123,  and  two  of  the  secondary  series,  ^  128,  the  hydrometer  of 
D)cas,  No.  Ij019,  belonging  to  the  Treasury,  gave  the  indications 
of  the  annt'xed  table: 
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Per  ot.  of 

-1  ..^.. 
Des(ree  of 

• 
Temp. 

Per  ct.  of 

Deforce  of 

Tenap. 
Fahrenncit. 

alcohol  by 

Dycas. 

Fahrenheit. 

alcohol  by 

Dycas. 

weight. 

weight. 

6 

18^.5 

O^^.e     i 

60 

190°.5 

63».3 

10 

31.0 

63.5 

70 

235.0 

64.0 

20 

53.0 

63.5 

80 

283.0 

63. & 

30 

77.5 

63.5 

85 

307.0 

62.7 

40 

109.5 

^.0 

90 

335.0 

63.5 

50 

148.0 

65.2        I 

100 

Sinks. 

• 

166.  By  means  of  the  theory  and  mathematical  formulas^  given 
for  Dycas's  hydrometer  in  my  former  report,*  and  the  following 
)¥eighings  by  Mr.  Saxton,  of  the  office  of  weights  and  measures^ 
made  at  my  request,  I  have  duduced  the  specific  gravities  which 
correspond  to  the  indications  of  that  instrument: 


TABLE  XXXVIII. 


Degree  of 

Weight  of  the 

Correspoodini^ 

Degree  of 

Weight  of  the 

Corresponding 

Dyoas. 

hydrometer  and 

spcoifio  gravi* 

Dycas. 

hydrometer  and 

speoifio  gravi- 

bdded load  in 

ty. 

added  load  in 

ty. 

grains. 

grains. 

0 

542.865 

1.0000 

190 

4S5.665 

.8946 

10 

539.540  . 

.9939 

210 

479.883 

.8840 

30 

533.410 

.9!J26 

230 

474.305 

.i738 

60 

627.105 

.9710 

250 

463.718 

.8634 

70 

521.025 

.9598 

270 

463.290 

.8534 

90 

514.863 

.94S4 

290 

457.850 

.8434 

no 

608.835 

.9373 

310 

452.505 

.8335 

130 

602.955 

.9265 

330 

447.040 

.8235 

150 

497.080 

.9157 

350 

441.495 

.8133 

170 

491.310 

.9050 

360,  or 

437.565 

.8060 

the  bulb  a 

lone. 

167.  In  a  memoir  of  M.  Francceur,  on  ^r^om^triej^  presented  to 
the  Academy  of  Sciences,  of  Paris,  in  1842,  a  still  more  full  series 
of  weighings  of  the  weights  and  bulb  of  one  of  Dycas's  hydrome- 
ters are  given.  M.  Francceur  did  not,  however,  compute  the  cor- 
responding specific  gravities;  which  I  have,  therefore,  calculated 
and  embodied  in  the  following  table: 


•  Sen.  Doe  No.  166,  2d  session,  28th  Congress,  p.  80j  and  above  see  p.  86 
t  M6m.  Sor  rAjr6ora.  par  M.  Francoenr. 
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TABLt;  XXXIX. 


Decrees  of 

Weight  ia 

Specific 

Degrees  of 

Weight  in 

Specific 

Dy  oas. 

grammes. 

gravity. 

Dycas. 

grammes. 

gravity. 

0 

30.660 

1.0000 

190 

27.449 

0.8953 

10 

30.476 

.9940 

200 

27.292 

.8902 

20 

.    30.291 

.9381 

210 

27. 135 

.8850 

30 

30.114 

.9822 

220 

£6.981 

.8800 

40 

29.936 

.9764 

230 

26.818 

.8747 

50 

29.761 

.9707 

'   240 

r       26.656 

.8694 

60 

29.587 

.9650 

250 

26.497 

.£642 

70 

29.416 

.9594 

260 

26.339 

.8591 

•80 

29.246 

.9339 

270 

26.184 

.8540 

90 

29.079 

.9484 

280 

26.030 

.8490 

100 

2S.913 

.9130 

290 

25.8H3 

•8442 

110 

28.749 

.9377 

300 

25.718 

.8388 

120 

28.587 

.9324 

310 

25.565 

.8338 

130 

28.427 

.9272  • 

320 

25.414 

.8289 

140 

2S.269 

.9220 

330 

25.264 

.8240 

150 

2S.101 

.9165 

340 

25.121 

1          .8193 

160 

27.935 

.9111 

350 

24.980 

.8147 

170 

27.771 

.9058 

360,  or 

24.840 

.8102 

180 

27.610 

.9005 

the  balb  a 

lone. 

168.  Of  these  two  different  tables,  the  results  should  be  identical| 
if  the  instruments  examined  had  been  free  from  errors  of  workman- 
ship. The  corresponding  specific  gravities  do  not  differ  much  for 
very  dilute  liqyors;  but  for  those  ot  high  degrees  of  strength,  the 
variations  amount  to  unity  in  the  third  place  of  decimals,  or  one- 
quarter  of  a  per  rent.,  by  volume.  The  instrument  examined  by 
Mr.  Saxton,  was  No.  671,  by  Fisher,  and  not  an  original  authentic 
hydrometer  made  by  Dycas  himself,  who  alone,  knew  the  secret 
data  employed  for  the  proper  manufacture  of  his  hydrometers. 
For  this  reason,  the  results  deduced  from  the  weighings  of  M. 
Francoeur  are  probably  the  most  correct.  I  did  not  cause  the  hy-* 
drometer.  No.  1019,  by  Dycas,  belonging  to  the  Treasury  Depart- 
ment, to  be  compared  in  a  similar  manner,  by  weighing,  with  those 
from  which  .these  two  'tables  are  computed;  but  it  may  still  be 
done,  with  but  little  labor. 

169.  It  should  be  remaiked,  that  neither  the  weighings  of  Mr. 
Saxton,  table  XXXVIII,  nor  tfiose  of  M.  Francoewr,  table 
XXXIX,  are  corrected  for  atmospheric  bouyancy;  the  requisite 
data  for  such  a  correction  not  having  been  observed,  or  considered 
important.  And  that  the  specific  gravities  are  not  referred  to  water 
at  its  maximum  density,  but  at  32^  Fahrenheit,  or  the  freezing 
point,  which  temperature  was  assumed  by  Dycas,  as  that  for  the 
origin  of  his  scale.  To  reduce  these  specific  gravities  to  thf  scale 
of  water  unity  at  15*  cent.,  adopted  by  Gay  Lussac,  we  must  mul- 
tiply them  by  the  constant  factor  1.000074;  and,  similarly,  for  the 
cotresponding  values  of  the  scale  of  water  unity  at  its  maximum 
(hensity,  we  have  the  coefficient  0.999873;  both  of  these  coefficients 
being   taken  from  ihc    data  of  M.  Despretz  foj    the    expansion  of 

water.  • 
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170.  With  the  latter  of  these  multipliers  and  the  weighings  of 
M.  FranccBur,  the  following  specific  gravities  haye  been  calculSited; 
to  which  are  also  annexed  the  equivalent  per  cents,  by  volume  at  60^ 
Fahrenheit,  given  by  Table  YIIi  of  TralIeS|  in  chapter  I  of  this 
report : 

TABLE  XL. 


Degree. 
ofV 

Specific 

Per  cent,  by 

Degree 
of  Dy- 

Specific 

Per  cent,  by 

gravity. 

▼olame    at 

gravity. 

volume    at 

oas. 

60?  Fahr. 

cas. 

60''  Fahr. 

0 

0.9999 

0.0 

190 

0.8952 

67.5 

10 

0.9939 

3.4 

200 

0.8901 

69.6 

20 

0.9889 

8.1 

210 

0.8849 

71.7 

30 

0.982t 

13.2 

220 

0.8799 

.  73.7 

40 

0.9763 

18.8 

230 

0.8746 

75.7 

60 

0.9708 

24.4 

240 

0.8693 

77.7 

60 

0.9619 

29.7 

250 

0.8641 

79.7 

70 

0.9593 

33.7      . 

260 

0.8590 

81.6 

.   80 

0.9538 

37.8 

270 

0.8539 

83.7 

90 

0.9483  • 

41.7 

280 

0.8489 

85.0 

100 

0.9429 

44.9 

290 

0.8441 

S6.5 

110 

0.9376 

47.8 

•   300 

0.8387 

88.3 

120  • 

0.9323 

50^.6 

«  310 

0.8337  . 

90.2 

130 

0.9271 

53.2 

320 

0.8287 

91.3 

140 

0.9219 

55.7 

330 

0.8239 

92.7 

150 

0.9164 

57.7 

310 

0.8192 

93.9 

160 

0.9110 

60.7 

850 

0.8146 

95.3 

170 

0.9057 

62.9 

360 

0.8101 

96.5 

180 

0.9004 

65.3 

... 

•  •••%• 

•  •  •  • 

171.  The  above  results  will>  it  is  believed,  furnish  all  information 
which  can  be  desired  either  by  the  government  or  by  private  per- 
sons,  who  may  wish  to  know  the  equivalent  values  in  per  cent,  of 
pure  alaohoiy  for  the  arbitrary  indications  of  Dycas's  hydrometer; 
and  will  serve  to  let  them  readily  accustom  themselves  to  new 
terms  which  will  come  into  use,  if  the  government  should  abandon 
the  old  and  faulty  system  heretofore  employed. 


•^n  examination  of  the  condition  of  the  hydrometers  in  use  by  the  reve- 
nue officers  of  several  of  the  portsy  and  comparisons  ^  some  of 
those  instruments^  with  others  belonging  to  the  Treasury  Depart- 
ment. 

172.  The  instruments  belonging  to  the  Treasury  Department| 
which  I  employed  far  the  purpose  of  comparing  those  of  the  cus- 
tom-houses, indirectly,  with  each  other,  in  order  to  deduce  the 
mean  results  given  in  ^163,  above,  Were  five  in  number.  Two  hy- 
drometers of  Dycas;  one  made  by  Dycas  himself.  No.  1019;  and 
the  other  by  Fisher  of  Philadelphia,  No.  671;  the  same  for  which 
the  weighings  ofj,Mr.  Saxton,  ^166,  were  made.     (To    distinguish 
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these  hydrometers  in  the  record  of  the  experimental  results,  I  shall  , 
iimply  call  tfiem  Dycai  and  Fisher.)     Also,  three  alcokolometers  of 
Gay  Lussac^  ^rhich  I  shall  call  O.  L.  No.  1;  G.  L.  No.  2;  and  Gr. 
L.  No.  3.      Of  thesC)  O.  L.  Nos.  1  and  2  were  among  the  instru- 
ments In  the  office  of  wt-ights  and  measures,  collected  by  the  late 
Mr.  Hassler,  and  seem  to  he  standard  hydrometers,  made  by  M.  Col- 
lardeau,  for  they  are  of  unusual  delicacy  and  excellence  of  work-    . 
jnanship.     The  instrument  G.  L.'No.  3  I  imported  from  Paris;  it 
was  made  by  Collardeau,  and  is  therefore  authentic;  but  it  is  less 
delicate    than    the   others.     Its  scale  extends  from  30  to  100  per 
cent.,  while  those  of  G.  L.  Nos.  1  and  2  are   much   more  limited. 
To  have  given  to  the  stems  of  the  latter  sufficient  length  to  include 
mn  equal  number  of  degrees,  would  have  rendered  them  too  fragile. 

173.  Baltimore, — At  this  port  I  found  two  hydrometers.  'K'Sf^^ 

^'No.  5,841*,  made   by   Qammage,  late  Dycas,  son  in  law,  Liver- 
pool," in  excellent  order.     Tbe  standard   of  this  port,  and  one  of 
the  three  instruments  referred  to'  in  ^162,  as  those  which  I  used  for' 
obtaining  standard  or  mean  results. 

"No.  4,654,  by  Arstall,  late  Dycas,  patentee,  Liverpool."  In 
constant  use.  Weights  Nos.  260,  180  and  350  lost.  Weight  No. 
30,  of  Dycas,  No..' 1,046,  in  tbe  box  of  this  instrument,  a  circuio- 
stance  which  might  give  rise  to  errors. 

The  thermometers  belonging  to  these  instruments  wefe  compared 
with  one  by  Ffsher  of  Philadelphia,  with  the  following  observed 
results: 

ArstaU. 

46^.5 
49.0 
56.2 
63.5 

In  tbe  thermen  eter  by  Arstall  there  was  a  considerable  air-bub- 
ble. 


Fiaher. 

Gammage. 

48°. 3   Fahr. 

47='.5  Fahr, 

60.0 

50.0 

57.0 

56  5 

64.0 
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174.  Philadelphia. — At  this  port  the  officers  of  the  revenue  had 
no  standard  hydrometer;  Fisher's  standard  being  resorted  to  by 
them  for  adjusting.  There  were  in  the  maiker's  office  four  hydro- 
meters. 

^^  No.  336,  by  Fisher."  That  in  use,  and  said  to  have  been  re« 
cently  adjusted  by  Mr.  Fisher.  Several  of  the  weights  appeared 
new.     The  bulb  indented,  and  weights  Nos.  320,  340,  350  lost. 

^'No.  216,  by  Fisher  &  Son."  Box  locked  and  key  lost;  ob- 
tained a  key  to  open  it,  and  found  the  bulb  in  good  orders  The 
thermometer  irone,  also  weights  Nos.  330,  310,  350.  This  hydro- 
meter  not  in  use. 

"  No.  225,  by  Fisher."  Also  locked,  and  key  lost.  When  opened, 
the  weights  were  found  complete,  but  the  thermometer  lost,  and 
the  bulb  deeply  indented.     Good  for  nothing,  and  never  used. 

**No.  224,  by  Fisher."  Also  locked,  and  key  lost.  Bulb  in- 
dented, weights  0,  10,  20,  30,  40,  50,  60,  70,  80,  90,  100,  310,  320, 
and  350  gone.     Appears  to  have  been  formerly  much  used. 

The  axis  of  the  figure  of  No.  336,  was  curvilinear,  so  that  the 
instrument,  being  unsymetrical,  floated  obliquely. 

The  following  table  contains  the  results  of  an  experimental  com- 
parison of  Nos.  336  and  216,  with  the  hydrometers  of  the  Treasury 
Department. 
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175.  Kew  York. — In  the  surveyor's  oflSce  of  this  port,  I  found 
four  hydrometers  in  use. 

^^No.  6342,  by  Gammage,  late  Dycas'  patentee,"  the  standard; 
marked  ^^surveyor's  test  box,  August,  1839."  It  appeared  to  be  in 
ftrfect  order.  This  is  another  of  the  three  standard  hydrometers 
referred  to  in  section  162,  from  which  I  deduced  mean  data. 

^*No.  6338,  by  Gammage  "  Sulb  indented  and  much  worn; 
weight  160  lost  and  replaced  by  a  new  weight;  weight  No.  170 
belongs  to  another  instrument,  and  No.  340  is  lost. 

^'No.  6341,  by  Gammage."  Bulb  slightly  indented.  Thermometer 
lost  and  replaced  by  one  made  by  Fisher  of  Philadelphia. 

*<No.  6340,  by  Gammage."  Bulb  indented.  Weights  No.  270, 
310,  and  350  lost. 

176.  I  was  informed  by  the  maikers  of  this  port,  that  they  had 
never  had  occasion  to  prove  spirits  at  temperatures  below  32^  Fah- 
renheit in  winter,  or  above  80^  Fahrenheit  in  summer.  Under  the 
tariff  of  1842,  their  practice  was  to  allow  no  liquor  the  benefit  of 
drawback,  as  first  proof,  which  should  be  more  than  ten  per  cent, 
below  the  proof  mark  of  Dycas's  hydrometer.  . 

177.  In  proving  spirits  at  this  port,  it  has  been  customary  to 
allow  a  deduction  of  one  or  two  degrees  from  the  indication  of  the 
hydrometer,  for  instrumental  errors^  if  a  liquor  should  happen  to 
exceed  by  that  amount  the  limit  established  by  law  for  either  of 
the  several  proofs.  The  reason  assigned  for  this  by  the  markers  to 
myself,  was  a  wish  to  be  liberal  to  the  importers.  Their  Irberality 
tas,  however,  been  most  certainly  unjustifiable;  for  it  will  appear 
by  inspection  of  the  annexed  table  of  comparative  results,  that  the 

•  standard  hydrometer  of  the  surveyor's  •office,  No.  6342,  requires 
about  tsvp  degrees  to  be  added  to  the  indications  of  the  instruments 
in  ordinary  use  to  render  them  correct;  also,  that  the  standard  hy- 
drometer No.  1019  gives  results  very  closely  agreeiag  with  those 
of  No.  6342.  Hence,  it  follows  that  whenever  such  a  deduction  of 
one  or  two  degrees  was  allowed,  a  liquor  was  permitted  to  pay 
duty  as  of  a  lower  degree  of  proof,  which  was  in  fact  three  or  four 
degrees  above  the  limit  prescribed  by  law  for  that  proof. 

In  no  bther  port  of  those  which  I  visited  has  a  similar  custom 
prevailed,  except  at  New  Haven,  and  it  was  adopted  there  in  con- 
sequence of  the  advice  of  a  former  surveyor  of  the  port  of  New 
York. 

178.  The  following  are  the  experimental  data  furnished  by  the 
above-mentioned  instruments: 


537 


[50] 


dig 

1 

o«ooooo©cooo 

Dyoai. 

1 

•  la  o  lo  o  o  o  lo  »  o 

igSSSS'gSSS 

ill 

1 

©looooooeooo 

^i 

0>  b.  O  O  »0  «0  CO  »o  1^  ^ 

i 

^  eiiooooooMoo 

s^i 

1  . 

^    eiCOOOOOOMOO 

S?^SSSS>SS3 

^1- 

eoioi^oooAOOio 

[50] 


538 


•  179.  Boston. — The  instrumcDts  used  by  the  revenue  offices  of  this 
port  were: 

A  standard  hydrometer,  *^No.  3925,  by  Dycas,"  one  of  the  three 
mentioned  in-section  162;  which  had  been  carefully  preserved  in 
,the  most  perfect  order,  appearing,  indeed,  as  if  never  used. 

And  "No.  4842,  by  Arstall,  successor  to  Dycasj*^  the  instru- 
ment in  common  use.  Bulb  deeply  indented.  Weights  Nos.  240^ 
250,  260,  270,  280,  290,  300,  310,  320,, 330,  340,  350,  and  360,  not 
in  the  box,  and  mislaid  or  lost.  Original  thermometer  brrken  ^nd 
replaced  by  one  made  by  J.  Slade,  of  Boston,  which  appears  to  be 
a  very  good  one. 

Results  of  comparison,  as  follows: 
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180.  Portland. — Two  hydrometers  here  in  use:  '<No.  4719|  by 
Dycas,"  of  which  the  bulb  is  slightly  indented,  weight  No.  350 
lost,  and  the  thermometer  broken;  and  ^^No.  6222|  by  DycaS|"  in 
perfect  order. 

At  this  port  there  is  said  to  be  very  little  trade  in  distilled 
jspirtk. 

181.  Portsmouth^  JV*.  H — No  hydrometer;  only  a  fragment  of  a 
very  old  one  in  the  custom-house.  And  no  liquor  either  exported 
or  imported. 

182.  Jfewburyport. — One  yery  old  hydrometer,  in  very  good 
order  for  one  so  long  in  use.  Without  number,  and  unprovided  at 
first  with  a  thermometer.  Also  ^^No.  1069,  by  Dycas,"  entirely 
out  of  order,  weights  lost,  bulb  indented,  and   thermometer  gone. 

183.  Salem, — A  considerable  quantity  of  domestic  distilled  spi- 
rits exported.  The  proof  determineB  by  a  hydrometer  of  Tucker 
and  Dwelle;  purchased  by  a  former  surveyor;  in  good  order,  but 
not  authorized  by  law. 

The  marker  informed  me  that  he  has  often  proved  rum  at  22^ 
Fahrenheit;  and  says  that  it  frequently  remains  exposed  on  the 
'wharf  over  night  to  be  proved  in  the  morning. 

Here  I  also  found  "No.  1045,  by  Dycas,"  without  a  thermome- 
ter, and  with  its  bulb  so  deeply  indented  that  it  is  utterly  worthless. 
And  one  very  old  hydrometer,  without  number,  made  by  Dycas; 
many  of  its  weights  being  lost;  and  no  thermometer  having  been 
with  it  originally. 

184.  JSTew  Bedford. — No  importation  or  exportation  of  spirits 
said  to  be  done  here.  In  the  custom-house  there' is  an  antique 
hydrometer  of  Christopher  Colles,  New  York,' 1790,  good  for 
nothing.     No  gauging  rods,  etc. 

185.  Bristol^  R,  L — No  trade  in  spirits.  One  old  worthless  hy- 
drometer in  the  office  of  the  collector. 

186.  Providence  — In  the  custom-house  I  found  hydrometer 
^*No.  75,  by  Fisher,"  in  good  order,  except  that  the  thermometer 
was  lost.  Also  anoiher  old  specimen  of  a  hydrometer,  by  Chris- 
lopher  Colles,  of  New  York;  to  correct  for  temperature  it  has 
weights  to  be  screwed  on'. 

187.  Newport, — "No.  5246,  by  Dycas;"  in  very  good  order,  ex? 
cept  that  one  weight  and  the  thermometer  had  been  lost. 

188.  JSTev)  HaveUy  Connecticut. — Abundantly  supplied  with  dam- 
aged hydrometers,  namely: 

<<No.  2068,  by  Dycas,"  with  its  bulb  indented.  The  thermome- 
ter haying  been  broken  and  replaced  by  another. 
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"No.  2078,"  weight  350  lost,  bulb  indented;  and  the  ivory  scale 
empirically  extended  to  100^  Fahrenheit. 

"No.  9,  by  Dycas."  no  scale,  no  thermometer,  and  an  indented 
bulb. 

^^No.  361,  by  Fisher,^'  counterpoise  ligroken  off,  bulb  amalga- 
mated by  mercury,  weight  No.  150  lost. 

189.  From  the  preceding  statements  it  will  be  evident  that,  with 
very  few  exceptions,  I  founB  the  instruments  now  in  the  hands  of 
the  officers  of  the  custrms  wholly  unfit  for  use,  by  reason  of  ac- 
cidentaj  injuries  which  they  have  suffered.  So  that,  generally,  it 
would  be  impossible  for  them  to  determine  with  them  the  true 
strength  of  ^ny  liquor  imported  and  subjected  to  their  examina- 
tion. '  '  . 
Respectfully  submitte<Lby  your  obedient  servant, 

RICHARD  S.  McCULLOH. 
'  To  Professor  A.  D.  Bache, 

Superintendent  of  Weights  and  Measures j  ifc. 


AN    APPENDIX, 


8UPPLEII£NTART    TO 


THE  PRECEDING  REPORTS  ON  SUGAR. 


NOTE  A. 


lMP&OVi^M£KTB    IK    OPTICAL  CHEMtaTmT 


During  the  time  that  the  preceding  inTestigalions  were  in  pro- 
gress, M*  T*  Clerget^  nf  Purls,  was  engaged  in  milking  an  extendef 
and  valuable  series  of  researirhti^  having  for  their  object  tiie  per^ 
feet  ion  of  the  optical  methcd  of  analysing  saceh  trine  ftubit^nce 
And  the  celebrated  optician,  M.  Soleit,  of  ihe^same  citj,  was  als(j 
occupied  in  improving  ihe  po  I  a  rise  ope  or  succharimeterj  as  he  hal 
called  it*  I  regret  very  murh  that  the  adn  irable  labors  of  thes| 
gentletnen  were  Bimultaneous  with  and  not  prior  to  those  of  MrJ 
Reynolds  and  rayselfj  for  had  they  been  performed  a  little  soroerJ 
they  would  have  greatly  aided  tts  in  the  more  exact  and  speed] 
execution  of  our  work. 

Their  memoirs  were  presented  lo  Ihe  **  SociHe  d^encQuragemet 
pour  P Industrie  national t^^  of  Paris,  in  October,  1 846;  and  I  an 
indebted  to  J,  P.  Benjaminj  Ef^q,,  of  New  Orleans,  for  copiei 
thereof  J  which  M*  Clen^et  did  me  tht:  honor  to  send  rae|  at  his  iii* 
stance,  and  by  his  hand*  For  detallttd  information  the  reader  may 
refer  to  the  ^^  Bulletin  di  ia  Socii^fe  d^cncouragenunt^-^  and  to  an 
article  by  Mr*  Benjamin,  in  De  Bow's  Commercial  Review,  vol,  v., 
p.  357,  April,  1848.  The  followini^  reports  of  a  committee  of  the 
Academy  of  Sciences,  extracted  from  the  Comptes  Rendut  des 
Stances  of  February,  1848,  famish  a  critical  and  correct  abstract 
of  the  whole  subject: 


^'REPDET  ON  THE  SACCHARIMETER  OP  M,  SOLEIL." 
^*  {Commiteei  MM.  Ar&go^  Eogoftnlt,  end  Babioet)*" 

'^  M*  Soleil  has  presented  ip  the  academy  three  commnnicationl 
relative  to  the  principles  which  have  guided  him  in  the  construc- 
tion of  a  sacckarimeter  adapted  to  the  wants  of  the  manufacturiiigJ 
industry^     The  first  (see  Comptes  Rendus^  23d  of  June,  1345, )  conJ 
tains  the  description  of  a  new  mode  of  observing,  by  means  of  ftl 
double  circular  pi  ate. of  rock  crystal,  of  which  the  two  semicirclesi 
are  formed  of  plates  of  the  same    thickness,  but  of  opposite  rota* 
lions.     The  second  {Compfts  Rtndus^  August  18ib,  1845)  refers  toJ 
ai  compensating  prism  of  variable  power,  producing  at  will  a  rota- 
lion  to  the  rif^ht  or  to  the  left.     Lastly,  the  third  {Comptts  RendufA 
May  Slstj  1847)  gives  an  account  of  an  illuminator  of  variable  tiiiU|f 
designed  to  peiroil  Ihe  most  suitable  one  to  be  employed^  according 
to  th€  nature  \>f  the  light  which  traverses  the  sacchaiine  soliiti<Tii^| 
the  degree  of  transpartnc)  or  coloration  thereof, and  the  individual] 
dtFpcisilion,  permanent  oi  acciilenlal,  of  the  eye  of  the  observer. 

"After  the  discovery  of  polarization  by  Mitlus,  and  that  of  chro- 
matic polarization  by  M,  Ar;i^o,  which  he  observed  in  crjstallinfi 
]j>/at<f,  in  qunrtx   cut  perpendicularly  to  the  axi<,  and  even  in  tia*] 
erjstallfzed  bodies j  tuch  2i%  \-?Lno\x%  sij^tm^aa  of  Hint* glass ,  Jte.jj 
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M.  Biot  studied  the  phenomena  of  rotation  of  rock  crystal  traversed 
by  polarized  rays  in  the  direction  of  the  axis,  and  discovered  that 
liquids  and  even  vapors  may  possess  rotary  properties.  Few  scien- 
tific facts  have  excited  so  much  astonishment  as  this  action  upon 
light,  an  action  wholly  independent  of  crystalline  form,  as  well 
as  of  the  consistence,  whether  solid,  liquid,  or  gaseous,  of  the 
bodies  which  exert  it.  M.  Biot  ascertained  that  bodies  retain  their 
rotary  powers  without  change  of  its  direction,  in  solutions,  in  mix- 
tures, and  even  in  many  chemical  combinations;  so  that  the  rota- 
tion produced  by  the  compound  or  mixture  is  in  proportion  to  the 
quantity  of  the  substance  endowed  with  rotary  power  which  it 
contains.  He  thus  showed  the  molecular  character  of  the  action 
which  he  had  discovefed,  and,  at  the  same  time,  distinguished  be- 
tween it  and  the  analogous  action  of  quartz,  which  does  not  pre- 
serve this  faculty  in  transparent  silicious  mixtures,  which  are  either 
amorphous,  hydrated,  melted,  dissolved  in  potash,  or  deposited  in 
the  vitreous  state  without  crystallization.  Lastly,  he  had  the  im- 
portant idea  of  employing  the  rotating  power  of  solutions  in  the 
chemical  analysis  of  a  compound,  for  the  determination  of  the 
quantity  of  an  active  substance  when  combined  with  others  of  neu- 
tral character,  by  means  of  the  optical  efifects  it  produces.  Sac- 
charine solutions  attracted  his  attention  more  especially,  by  reason 
of  the  industrial  importance  of  processes  which  make  known  the 
quantity  of  crystallizable  sugar  contained  in  a  liquid  more  or  less 
concentrated.  M.  Biot  has  set  forth,  in  full  detail,  the  precautions 
to  be  observed  in  measuring  rotations  with  the  utmost  precision. 
He  places  his  apparatus  in  a  dark  chamber;  selects  the  white  light 
of  certain  clouds  in  a  particular  state  of  the  atmosphere;  operates 
upon  liquids  sufficiently  decolorized;  measures  the  angular  devia- 
tion of  the  plane  of  polarization  of  the  polarized  ray  which  has 
traversed  the  liquid;  and  has  most  happily  selected  a  tint,  which 
he  justly  calls  tke  sensible  tinty  and  which  is  such  that  the  least 
deviation  of  the  analyser  in  azimuth  causes  it  to  change  rapidly; 
so  that  an  observer,  with  a  little  practice,  can  readily  seize  this 
tint  exactly  and  determine  it  with  certainty,  in  the  normal  state  of 
the  eye  when  protected  by  darkness.  To  M.  Biot  is  also  ^ue  the 
important  discovery  that  saccharine  solutions  follow  the  same  laws 
as  rock  crystal,  in  their  action  upon  the  planes  of  polarization  of 
rays  of  different  colors;  so  that  it  is  always  possible  to  compensate 
the  action  of  a  certain  thickness  of  a  solution  by  that  of  a  plate  of 
rock  crystal  of  suitable  thickness  and  inverse  rotation.'' 

<'It  is  upon  thi«  last  property  that  M.  Soleil  has  founded  the 
measurement  of  the  rotating  power  of  a  saccharine  liquid — the  chief 
object  of  his  instrument.  He  substitutes  for  the  graduated  circle, 
a  compensator  formed  of  two  prisms  of  rock  crystal,  cut  perpendic- 
ularly to  the  axis,  moveable  one  upon  the  other,  and  forming  a 
plate  of  variable  thickness,  which,  combined  with  a  plate  of  con- 
stant thickness  and  inverse  rotation,  furnishes  a  neutral  system  for 
a  normal  position  of  the  two  prismatic  laminae.  If,  by  a  suitable 
sliding  motion,  the  combined  thickness  of  the  two  laminae  be 
increased,  a  resultant  rotation  is  obtained  in  the  dicectioiv  qI  IVjaxx 
35 
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actioDy  and  proportional  to  the  excess  of  the  combined  thickness  of 
the  two  prisms  oyer  that  of  the  invariable  plate.  If  an  inverse 
rotary  efifect  is  desired,  the  prisms  are  made  to  slide  upon  each 
othery  so  as  to  diminish  their  thickness,  and  the  power  of  the  inva- 
riable plate  then  predominant;  will  produce  an  excess  of  rotation 
in  the  direction  proper  to  it,  and  proportional  to  its  excess  of  thick- 
ness. According  to  the  practical  desiderata,  the  degree  of  preci- 
sion required  by  the  nature  of  saccharine  solutions,  and  the  fixed- 
ness  of  their  action,  M.  Soleil  has  seen  fit  to  graduate  the  scale  to 
correspond  to  variations  of  hundredths  of  the  millimetre  in  the 
the  thickness  of  the  quartz,  which,  by  reason  o^  the  inclination  of 
the  prismatic  laminae,  may  be  easily  read  off  by  a  vernier,  without 
a  microscope.  This  quantity  corresponds  nearly  to  the  quarter  of 
a  degree  in  deviation  of  the  plane  of  polarization.  The  solution  is 
contained  in  a  tube,  20  centimetres  long — the  length  which  practice 
has  indicated  to  be  the  most  suitable.  Liquids  of  even  a  consider- 
able degree  of  color  may  be  operated  upon  with  them.*  The  ro- 
tating power  of  a  liquid  is,  therefore,  determined  by  the  number  of 
hundredths  of  a  millimetre  of  quartz  which  compensates  its  action; 
and  preliminary  experiments,  upon  the  compensation  of  known 
synthetic  solutions,  having  made  known  the  compensations  cor- 
responding to  given  proportions,  reciprocally  the  proportions  of 
solutions  are  deduced  from  the  compensations  required." 

*^The  employment  so  advantageously  made  by  M.  Boit,  of  the 
clear  violet  blue,  or  sensible  Hntj  (jfleur  de  lin^)  to  obtain  a 
certain  and  accurate  mode  of  determination  of  rotating  powers 
should  be  followed  in  every  saccharmetric  apparatus.  M.  Soleil 
has  added  to  it  an  ingenious  arrangement,  which  dispenses  with 
the  necessity  of  retaining  that  sensible  tint  in  the  memory;  avoids 
the  obligation  of  placing  the  eye  in  normal  conditions^  and,  at  the 
same  time,  does  away  with  the  fear  of  different  judgments,  depen- 
dent upon  diversity  of  sight  in  observers." 

^^For  this  purpose  he  places  in  advance  of  the  saccharine  solu- 
tifin,  and  immediately  behind  the  polarizer,  a  system  composed  of 
two  juxtaposed  plates  of  rock  crystal  of  equal  thicknesses,  but  of 
opposite  jotations,  which  present  two  semicircular  disks  of  different 
color  as  soon  as  the  action  of  the  liquid  and  that  of  the  compensa- 
tor cease  to  be  equal;  for  then,  the  effect  produced  being  added  to 
that  of  one  of  the  plates,  and  subtracted  from  that  of  the  other,  the 
double  difference  manifests  itself  immediately  by  a  dissimilarity  of 
tints  in  the  two  demi-disks.  Multiplied  experiments  have  shown  that 
the  action  of  laminae  of  quartz,  made  as  thin  as  possible,  as  well  as 
that  of  very  dilute  solutions  of  sugar,  can  be  observed  and  measured 
in  this  manner,  with  as  much  facility  as  that  of  rich  solutions." 

^^When  the  plate  of  M.  Soleil  is  of  the  thickness  3.75  millime- 
tres, it  gives,  in  the  ordinary  image  of  the  two  demi-disks,  the  sensible 


*  -'According  to  M.  Clerget,  it  is  also  for  the  purpose  of  avoiding  homogeneoas  light, 
wbiob  does  not  answer  wett  Tor  the  use  of  sensible  tints,  that  deeply  coloured  liquids  shoala 
aot  be  employ ed.^^ 
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tiDt  of  M.  Biot;  and,  in  the  extraordinary,  a  yellow  tint.  Witli 
7.50  millimetres,  the  sensible  tint  is  in  the  extraordinary  image^ 
and  the  yellow  tint  in  the  ordinary.  Either  of  these  thicknesses 
may  be  employed.     M.  Soleil  prefers  the  last." 

^^The  double  effect  of  diminution  on  one  side,  or  in  cftie  of 
the  semi-circular  disks,  and  of  augmentation  on  the  other,  showg 
the  action  of  an  active  solution,  by  a  difference  of  tints  in  the  two 
demi- disks,  which  is  always  beyond  mistake,  because  the  two 
objects  of  comparison  are  presented  together.*  The  advantages 
of  this  ingenious  arrangement  of  M.  Soleil,  in  a  great  number  of 
cases,  have  been  pointed  out  by  M.  Biot,  (M^m.  de  PAcad.  t.  XX| 
1846;  Comptes  RenduSj  t.  XXI,  page  452.)  M.  Arago,  by  sub- 
stituting for  the  single  plate  of  his  polariscope,  already  so  perfect, 
the  double  plate  of  M.  Soleil,  has  obtained  several  important  ad- 
vantages, among  others  the  determination  of  the  plane  of  polariza* 
tion,  which  is  directed  along  the  line  of  the  centres  of  the  tw« 
disks,  when  the  two  demi-disks  are  of  the  same  tint,  especially  in 
the  case  of  colored  light,  which  causes  some  difficulty  in  the  esti- 
mation of  the  direction  of  the  plane  of  polarization,  by  means  of 
that  instrument.  Also,  in  the  instrument  of  Mr.  Soleil,  the  con- 
stancy of  particular  indications,  and  the  concordance  of  the  results 
obtained  by  different  observers,  leave  no  doubt  of  the  precision  of 
the  observations,  especially  when  the  illuminator  is  added,  for  the 
purpose  of  obtaining  the  most  sensible  tint  which  is  adapted  to 
each  particular  case." 

^^This  third  element  of  the  apparatus  of  M.  Soleil  is  designed  to 
produce  an  illumination,  such  that,  without  decolorizing  the  liquid 
and  with  the  employment  at  will  either  of  daylight  or  the  conve- 
nient lisht  of  a  lamp,  an  observer  may  operate  with  a  very  sensible 
tint,  selected  according  to  the  nature  of  the  liquid  and  bis  owb 
eye.  M.  Soleil  at  first  made  use  of  several  colored  glasses,  whick 
be  placed  in  front  of  the  apparatus,  and  by  successive  trials  chose 
that  which  produced  the  tint  which  varied  most  rapidly  with  the 
motion  of  t)ie  compensator,  and  thus  gave  the  greatest  precision* 
The  new  illuminator,  which  gives  readily  a  great  number  of  differ- 
ent tints,  without  great  loss  of  light,  is  simply  a  plate  of-  rock 
crystal,  about  six  millimitres  thick,  placed  behind  a  Nicol's  prism 
and  in  front  of  the  polarizer  of  the  apparatus.  The  polarizer  de- 
velopes  in  the  polarized  light,  which  thus  reaches  it  through  the 
plate  of  quartz,  the  ordinary  colors;  which,  as  is  well  known,  offer 
a    great    variety  of   tints.     To    determine,  among    them    all,  that 


*  To  show  that,  wiihoat  tho  normal  conditioDSi  so  exactly  described  by  M.  Biot,  and 
necessary  for  certainty  in  observation,  serioos  errors  may  be  committed,  M.  Soleil  has  coft- 
stmcted  an  apparatus  with  a  divided  limb,  farnished  witn  a  plate  of  quartz,  giving  the  sea- 
si  ble  tint.  It  m  tlie  open  air,  this  tint  be  made  to  appear,  by  pointing  to  a  portion  of  a 
moderately  bright  clond,  it  will  become  red  by  pointing  to  a  more  illuminated  part  thereof^ 
and  blue  when  upon  a  more  obscure  portion.  If,  hj  moving  the  analyser,  the  sensible  tint  it 
reproduced,  in  eaoh  instance,  great  dififerences  m  the  angles  of  deviation  will  be  ob- 
served. In  several  experiments  the  difference  amounted  to  four  degrees.  If  the  i»efol  and 
indispensable  precautions,  recommended  by  M.  Biot,  are  neglected,  the  blue  of  the  sky,  and 
other  meteorological  circumstances,  may  cause  enoiB  «^eiiol  «\^\A«\g(tK%« 
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which  is  most  sensible,  identity  in  the  two  demi-disks  for  any  one 
of  them  is  produced;  and,  if  there  is  one  more  sensible  than  the 
retst,  it  will  be  that  which,  in  a  given  position  of  the  compensator, 
shows  a  difference  in  the    demi-disks,  while    the    others  cause  no 

fierceptible  dissimilarity.  It  is  evident  that  the  identity  obtained 
or  this  tint  subsists  with  greater  force  for  all  the  others;  and  it  is 
interesting  to  observe,  how  much  the  nature  of  this  sensible  tint 
varies  for  the  particular  liquid,  light,  and  individual  peculiarity  of 
the  eye,  and  how  useful  it  is  to  be  able  to  extend  to  any  cases 
whatever  the  important  practice  of  M.  Biot." 

^^We  have  made  several  trials  of  the  apparatus  of  M.  Soleil,  and 

{articularly  in  the  truly  saccharimetric  laboratory  of  M.  Clerget. 
t  would  be  too  tedious  to  enumerate  all  the  various  contrivances 
and  arrangements  which  have  been  invented  to  meet  the  wants 
which  practice  has  indicated.  The  zero  point,  or  origin  of  the 
gcale  of  the  compensator,  is  easily  obtained,  and  the  divisions  by 
hundreths  of  a  millimetre  of  quartz,  which  correspond  to  about  fif- 
teen minutes  of  deviation  of  the  plane  of  polarization,  each  are 
sufficiently  close.*  The  adjustment  acquires  a  very  great  precision, 
by  means  of  an  eye  piece  analogous  to  a  small  GuUlean  telescope; 
and  the  illuminator  itself  is  followed  by  a  collimator,  which  is 
very  useful  for  the  intensity  of  the  light,  and  to  prevent  the  in- 
jurious reflexions  from  surfaces  behind  the  Nicol's  prism,  etc." 

"With  respect  to  the  saccharimetric  observations  themselves,  to 
which  the  instrument  of  M.  Soleil  is  applicable  with  the  greatest 
precision,  and  by  means  of  which  it  has  been  several  times  im- 
proved in  its  arrangements;  since  these  various  processes  are  a  very 
,  different  thing  from  the  instrument  itself,  of  which  they  employ 
the  indications,  we  will  defer  on  account  of  them  until  we  shall 
present  a  report  on  the  labours  of  M.  Clerget  in  relation  to  sac- 
Gharimetry." 

**In  recapitulation,  the  instrument  of  M.  Soleil  is  of  convenient 
dimensions,  and  accurate  indications;  it  gives  by  compensation  ex- 
act measurements  of  the  proportions  of  saccharine  solutions,  often 
without  requiring  them  to  be  first  decolorized;  it  permits  a  sensible 
tint  to  be  easily  chosen;  it  is  adapted,  both  by  day  and  by  night, 
and  in  any  place,  to  the  use  either  of  natural  or  artificial  light, 
and  also  to  the  service  of  manufacturers;  lastly,  its  indications  al- 
ways accord  with  themselves,  and  require  no  previous  scientific 
knowledge  in  the  person  who  makes  use  of  it." 

**Your  committee,  therefore,  propose  to  you  that  you  bestow 
approbation  upon  the  saccharimeter  of  M.  Soleil,  and  that  you  or- 
der the    notes,  relative  to  the    compensation,  the  illumination    by 

*''  The  programme  of  a  prize  offered  by  the  Socidte  d'  encouragement  called  for  a  process 
which  will  determine,  toUhin  two  per  cent,,  the  richness  of  saccharine  sabstances.  The  sac- 
eharimeier  of  M.  Soleil  is  much  more  exact.  It  should  not  be  forgotten  that  the  instru- 
ment is  a  saccharimeter,  or  an  industrial  instrument  of  sufEcient  precision  for  the  purposes  for 
which  it  was  designed.  For  scientific  inquiries  of  a  different  order,  bi.  Biot  has  remarked, 
tb&t  it  would  be  necessary  to  modify  it  in  several  of  its  arrangements,  to  render  it  suscepti- 
tie  of  rerificatioD  by  the  observci  WvnvseU,  \tv  order  to  give  it  a  length  adapted  to  different 
researches,  and  to  suit  it  io  homoganeoub  \\ft\iX.    TVe,%^  mo^x^^^NxQ^Vv?^  ^Vt^^ad^  born  par- 
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variable  tints,  and  mode  of  observing  by  means  of  similar  tints  in 
two  demi'disks  of  inverse  rotations,  together  with  the  drawings  of 
the  instrument,  and  the  details  of  its  construction,  to  be  published 
in  the  Recueil  des  Savants  etrangers.^^ 
^'The  conclusions  of  this  report  were  adopted." 

•  REPORT  ON  THE  SACCHARIMETRIC  RESEARCHES  OF  M.  CLERGET.^ 

"(Committee.  MM.  Arago.,  Regnault,  and  Babinet.)*' 

• 

^^The  importance  of  sacckarimetry,  or  of  the  determination  of  the 
quantity  of  crystallizable  sugar,  (C",  H",  O",  Dumas,)  contained 
in  a  given  solution,  is  placed  beyond  doubt  by  the  avidity  with 
which  industrial  persons,  both  agriculturists  and  refiners,  have 
sought  after  M.  Biot's  optical  instruments,  by  means  of  which  that 
indispensable  object  may  be  attained,  at  any  moment  in  the  course 
of  the  operations  of  their  factories.  M.  Biot,  after  having  origi- 
nated this  curious  branch  of  industrial  optics,  announced  that  he 
would  not  go  beyond  the  strict  wants  of  science,  to  devote  himself 
to  the  less  rigorous  exigencies  of  manufacturers.  He  left  't<i 
artists  the  responsibility  of  determining  what  degree  of  exactness 
should  be  given  to  ordinary  saccharimetric  apparatus;  and  they  could 
avail  themselves  of  the  numerous  results,  which  M.  Biot  had  de- 
duced from  his  labors  in  relation  to  the  tint  to  be  chosen,  the 
amount  and  direction  of  the  rotation,  the  inversion  by  acids,  the 
laws  of  compensations,  &c.  The  academy  has  already  given  its 
approbation  to  the  saccharimeter  of  M.  Soleil,  designed  especially 
for  industrial  purposes.  The  labors  of  M.  Clerget,  who  employs 
that  instrument,  have  for  their  object  to  render  exact  all  the  pre- 
cautions which  must  be  taken,  as  well  as  the  manipulations  and 
apparatus  to  be  used,  in  order  to  ascertain  with  certainty  the  pro- 
portion of  sugar  in  a  saccharine  liquid,  which  has  been  extracted 
from  a  crude  substance,  then  defecated,  rapidly  subjected  to  in- 
version, and  me&sured  in  graduated  vessels  of  convenient  capacity. 
For  this  purpose  he  has  constructed  a  table,  which  dispenses  with 
all  calculations,  and  makes  known  the  proportions  of  sugar  direct- 
ly; the  influence  of  tempera.ture  upon  the  rotary  power  of  the  su- 
gar which  hts  been  inverted  being  taken  into  account. 

"The  mechanical  contrivances  of  M.  Clerget,  which  we  exhibit 
to  the  academy,  are,  (independently  of  the  saccharimeter  of  M. 
Soleil,) 

**  1st.  A  metallic  extractive  press,  of  a  power  equal  to  that  of 
cane  mills,  which  serves  for  experiments  upon  various  parts  of 
vegetable  substances. 

'*2d.  Graduated  vessels  for  defecation  and  filtration.  After 
numerous  experiments,  M.  Clerget  has  fixed  upon  fish  glue  and  al- 
cohol as  the  agents  for  obtaining  a  couiplete  defecation,  and « 
ready  filtration. 

"3d.  Various  tubes  and   measures,   for    decolorization  by  means 
of  animal  charcoal.     In  this  connexion    M.  Clerget  has  made    the 
ipportant  discovery   that  the  first   portions    of  a  saccharine  liquM 
which  pass  through  bone  black   ate  N?^^\t^t  \\i%w  \\i^^^  ^\i\^ ^'^^^ 
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tnbsequentlyi  the  latter  alone  retaining  their  primitive  strength. 
A  graduated  vessel  shows  the  quantity  of  the  liquid  which  should 
he  excluded  at  first,  in  order  to  obtain  the  real  title." 

^^M.  Clerget  has  also  ascertained  that,  in  some  cases,  and  partic- 
ularly in  the  analysis  of  brown  sugars,  the  double  operation  of 
defecation  and  decolorization  is  advantageously  obtained  by  means 
•f  subacetate  of  lead;  the  powerful  action  of  which  upon  coloring 
matters  is  well  known." 

^^  4th.  Several  graduated  vessels  with  a  thermometer,  for  per- 
forming inversion  by^  acids.  By  elevating  the  temperature  to  68° 
centigrade,  by  means  of  a  spirit  lamp,  and  employing  concentrated 
hydrochloric  acid,  as  M.  Biot  had  done,  in  quantity  sufficient  to 
increase  the  volume  of  the  solution  one-tenth,  M.  Clerget  obtains 
a  complete  and  certain  inversion  in  less  than  fifteen  minutes." 

^^  It  is  known  that  this  curious  property  of  inversion  in  the  di- 
lection  of  the  rotary  power,  so  well  rendered  useful  by  M.  Biot, 
Ikelongs  exclusively  to  cane  sugar,  (C**  H**  O^',)  which  is  extracted 
also  from  several  other  plants;  and  that  it  serves  to  determine  the 

Juantity  of  that  sugar  contained  in  any  mixture  whatever.  Mr. 
[itscherlich  first  found  that  temperature  exerts  a  considerable  in- 
inence  upon  the  rotary  power  of  cane  sugar  after  inversion.  M. 
Clerget,  who  had  independently  observed  the  same  influence,  studied 
it  with  the  greatest  care;  he  spared  neither  time  nor  pains  to  ob- 
tain its  ratio;  and  the  result  of  his  labor  is  an  extended  table  for 
determining,  at  any  temperature,  the  saccharimetric  title,  from  a 
knowledge  of  the  number  of  divisions  indicated  by  the  sacchari- 
meter,  before  and  after  inversion." 

^^  Lastly,  various  measures  graduated  by  volumes  of  50  and 
100  cubic  centimetres,  or  more,  and  in  equal  divisions.  In  each 
measure  a  quantity  of  crystallized  rock  candy  is  dissolved,  sufficient 
to  cause  the  saccharimeter  to  indicate  100  divisions.  M.  Clerget 
finds  that  16.471  grammes  of  sugar  is  requisite  for  100  cubic  cen- 
timetres." 

^^The  following  is,  in  few  words,  the  mode  of  obtaining  a  mea- 
sure. The  above  mentioned  normal  liquid  is  put  into  the  tube  of 
the  saccharimeter,  20  centimetres  long.  It  marks  100  divisions, 
when  the  color  of  the  two  demi-disks  is  brought  to  identity.  The 
inversion  is  performed,  and  30  divisions,  for  example,  are  observed 
in  the  opposite  direction,  at  the  temperature  of  the  experiment. 
Hence,  a  range  of  130  divisions  is  produced  by  the  given  propor- 
tion of  sugar.  If  now,  another  solution  be  examined  and  found  to 
give  80  divisions  to  the  right,  and  then,  after  inversion,  10  divisions 
to  the  left,  we  have  a  range  of  90  divisions;  and  the  ratio  of  90 
to  130  will  be  that  of  the  quantity  of  sugar  contained  in  the  second* 
solution  to  the  quantity  contained  in  the  first;  the  proportion  of 
sugar  in  a  solution  under  examination  may  thus  be  determined. 
But  the  table  of  which  we  have  spoken  dispenses  with  the  neces- 
sity of  this  calculation;  it  gives  at  once  the  strength  of  the  solu- 
tion observed  before  and  after  inversion,  corresponding  to  the  in- 
dications of  the  saccharimeter  and  the  degree  of  the  thermometer. 
*^  To  arrive  at  precise  results,  and  to  furnish  instruments  of  cer. 
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tain  and  ready  manipulation,  M.  Clerget  has  evinced  a  patience 
and  dexterity  which  hare  surmounted  all  difficulties.  The  meas- 
urement of  the  action  of  the  temperatures  upon  the  coefficient  of 
inversion  alone  required  situations  of  invariable  temperatures,  ex- 
tended media  to  avoid  the  influence  of  surrounding  bodies,  and  re- 
peated observations  to  establish  the  constancy  of  the  effects.  Last- 
ly, his  whole  system  of  manipulations  has  been  brought  to  the 
point  that,  for  a  long  time,  a  practical  trial,  not  less  enlightened 
than  assiduous,  has  found  in  it  nothing  to  change." 

^^This  report  being  confined  to  saccharimetry  itself,  we  will  ab- 
stain from  mentioning  the  numerous  results  obtained  by  M.  Clerget, 
comprising  the  analysis  of  a  great  number  of  vegetable  sacchari- 
ferous  substances,  the  assaying  of  brown  sugars,  either  alone  or 
mixed  together,  the  more  intelligent  management  of  the  processes 
of  manufacture;  lastly,  the  study  of  the  influence  of  different 
modes  of  culture  upon  the  saccharine  richness  of  the  products." 

<*The  academy  being  called  upon  to  judge  of  the  merit  of 
applications  of  scientific  principles  of  general  utility,  will  re- 
gard with  favor  the  persevering  and  conscientious  researches  of  M. 
Clerget,  which,  without  doubt,  are  of  a  nature  to  facilitate  the  pro- 
gress of  industry,  by  furnishing  it  with  a  coiAplete  optical  sac- 
charimeter.  The  politico-economical  questions  relative  to  the 
production  of  domestic  and  colonial  sugar,  to  the  rates  of  impost, 
and  to  the  interests  of  navigation  and  commerce,  'add  much  more 
to  the  value  of  the  determinations  which  may  be  accomplished  by 
means  of  the  saccharimetric  processes  of  M.  Clerget." 

*^  Your  committee  recommend  that  you  bestow  your  approbation 
upon  the  researches  and  instruments  of  M.  Clerget;  and  that  you 
order  the  communications  which  he  has  made  to  the  institute,  as 
well  as  the  table  of  strengths  of  saccharine  solutions,  determined 
with  regard  to  the  temperature,  together  with  exact  diagrams,  upon 
a  scale  of  sufficient  size,  of  all  the  apparatus  he  employs,  to  be 
published  in  the  Recueil  des  Savants  Etrangtrs?^ 

"The  conclusions  of  this  report  were  adopted." 


NOTE  B. 

ANALYSES  BT   MM.    CLERGET,    CASASECA,    AND    PELI60T. 

The  following  analysis,  by  M.  Clerget,  extracted  frodi  the 
memoir  above  mentioned,  (Bull,  de  la  Socittt  d^ encouragement ^ 
1846,  p.  552,)  is  in  accordance  with  those  given  by  myself  in  arti- 
cles 12,  13,  and  17  of  my  third  report: 

"A  portion  of  an  Otaheite  cane,  cultivated  in  the  West  Indies, 
weighing  200  grammes,  was  subjected  to  the  action  of  the  press, 
and  left  a  pulp  weighing  48  grammes.  It  yielded,  therefore,  152 
grammes  (76  p.  ct.)  of  juice,  of  which  the  specific  gravity  was 
1.085  at  15^  centigrade;  and  this  juice,  observed  by  means  of  the 
saccharimeter,  caused  a  deviation  to  the  right  of  124^  of  the  ver- 
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nier.  Now,  by  multiplying  this  number  of  degrees  by  16.471|  and 
dividing  the  product  by  10,  we  find  the  quantity  of  sugar  per  litre 
of  juice  to  be  204.24  gr.,  and  such  is  in  fact  the  number  found  in 
the  table  corresponding  to  the  indication  124^;  also,  the  following 
proportion,  1086  (weight  of  the  litre)  :  204.24  (weight  of  the 
sugar)  :  :  1  :  X,  giving  for  x  the  value  0.1882,  shows  that  this  juice 
contained  18.82  per  cent,  of  sugar.  Lastly,  by  multiplying  0.1882 
,by  162  gr.,  the  weight  of  the  expressed  juice,  we  obtain  the  total 
amount  of  sugar  contained  in  the  juice  which  200  gr.  of  the  cane 
yielded  by  pressure  alone,  28.6  gr.,  or  14.3  per  cent,  of  the  weight 
of  the  cane." 

In  the  ^nn.  de  Chim,  tt  de  Phys.^  t.  xi.,  p.  39,  to  which  I  have 
refered  in  article  13,  Mr.  Casaseca,  professor  of  chemistry  in  the 
university  of  Havana,  gives  the  following  analysis  and  criticisms 
upon  those  of  M.  P6Iigot.  He  obtained  from  Creole  cane  juice,  of 
the  density  11^  Baum^  at  33^  centigrade,  by  evaporation  and  wash- 
ing with  hot  alcohol  of  the  density  38^  Baum6,  21.2  per  cent,  of 
dry  solid  matter.  Also  100  grammes  yielded,  by  incineration, 0.14 
ashes;  and  200  grammes  gave,  with  subacetate  of  lead,  a  precipi- 
tate which  lost  0.24  of  organic  matter.  Hence  Mr.  Casaseca  de- 
duces the  composition: 

Water 78.80 

Sugar 20.94 

Ashes 0. 14 

Organic  matter 0. 12 

100.00 

M.  P6ligot  obtained  for  Otaheite  cane  juice,  from  Martinique, 
21.3  per  cent,  of  solid  matter.  Also,  '^170  cubic  centimetres  of 
this  juice,  of  the  density  1.088,  left  0.32  gr.  of  white  silicious  ashes, 
analogous  to  those  produced  by  the  incineration  of  the  graminea. 
In  a  second  experiment,  300  c.  c.  left  0.55  of  ashes,  which  gives 
0.17  for  100  of  juice.''  From  these  data,  M.  P^ligot  erroneously 
stated  the  composition  of  the  cane  juice  to  be  20.9  sugar,  77.17 
water,  1.7  mineral  salts,  and  0.23  organic  matter.  This  error  M. 
Casastca  attributes  to  inadvertancy,  and  corrects  by  giving  the  fol- 
lowing composition  as  the  result  of  M.  Peligot's  analysis: 

Water... 78.70 

Sugar 20.90 

Ashes 0, 17 

Organic  matter 0.23 


100.00 


From  the  close  accordance  between  these  proportions  and  those 
of  his  own  analysis,  Mr.  Casaseca  argues  that  soil  and  climate  cause 
cane  juice  to  vary  only  in    the  quantity  of   water  it  contains,  the 
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saline  and  other  impurities  being  only  thousandths^  and^  therefore, 
ineonsiderable  in  quantity  or  importance. 

Mr.  Casaseca  also  dried  920  grammes  of  Creole  cane,  for  12  hours, 
at  the  temperature  of  boiling  water,  after  which  it  weighed  313^5 
gr.;  having  therefor  lost  606.6  gr.  of  water  b}  evaporation.  Hence 
he  deduces;  « 

Water 66.9 

Add  sugar 17.7 

Juice   « '•     83.6 

Woody  fibre 16.4 

100.0 


This  result  accords  very  closely  with  that  which  I  have  given  in 
article  22  of  my  third  report,  and  it  does  not  differ  much  -from  the 
analysis  of  the  same  variety  of  cane  mentioned  in  article  8  of  the 
same  report.  It,  however,  differs  very  considerably  from  the 
results  obtained  by  M.  P61igot,  which  are  contained  in  his  memoir 
on  the  composition  of  the  sugar  cane  of  Martinique,  and  in  his 
report  to  Admiral  Duperr6  on  the  manufacture  of  sugar  and  the 
composition  of  the  suear  cane.  I  extract  from  M.  Boussingault's 
Rural  Bconomy  the  following  table,  containing  the  condensed 
results  of  M.  P^ligot's  experiments: 


First  shoots,  (plant  canes) 

Second  shoots,  or  first  rattoons., 
Third  shoots,  or  second  rattoons 
Fourth  shoots,  or  third  rattoons. 

Knots  of  the  cane  . , 

Cane  of  eight  months 

Cane  of  ten  months 

Inferior  part  of  the  cane 

Middle  part  of  the  cane 

Upper  part  of  the  cane 


Water. 


73.9 
71.7 
71.6 
73.0 
70.8 
73.9 
72.3 
73.7 
72.6 
72.8 


Sugar. 


17.2 
17.8 
16.4 
16.8 
12.0 
18.2 
18.5 
16.6 
16.6 
16.5 


Woody 
fibre. 


8.9 
10.5 
12.0 
10,2 
17.2 
7.9 
9.2 
10.8 
10.9 
11.7 


As  Mr.  Casaseca  and  myself  agree  in  making  the  proportion  of 
woody  fibre,  contained  in  the  Creole  or  crystalline  cane  of  the  isl- 
and of  Cuba,  equal  to  16  per  cent,  nearly,  there  can  be  little  doubt 
of  the  probability  of  this  result.  The  question  naturally  arises, 
therefore,  how  can  this  fact  be  reconciled  with  those  contained  in 
the    above  table    compiled  from   M.  Peligot's   report?     In  the  first 
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place,  I  will  state  that  Mr.  Casaseca's  paper  was  unknown  to  me 
at  the  time  when  I  was  e^ngaged  in  the  experiments  made  by  me  in 
Cuba;  oar  results  are,  therefore,  entirely  independent.  I  may  also 
state  that  M.  P^Iigot's  report  had  not  been  previously  seen  by  me; 
I  had  ordered  it  from  France,  but  did  not  receive  it  before  my  third 
report  was  printed  and  published.  Secondly,  while!  forbear  to 
claim  for  my  own  results,  though  confirmed  by  those  of  Mr.  Casa- 
seca,  that  full  degree  of  confidence  to  which  they  would  be  enti- 
tled, if  not  discordant  with  those  of  M.  P61igot,  I  venture  to  offer 
the  following  criticisms  as  reasons  why,  in  my  opinion,  M.  P61igot's 
conclusions  may  be  erroneous. 

In  his  memoir  on  the  composition  of  the  cane  of  Martinique, 
pages  28  and  29,  M.  P61igot  states  that  the  dried  cane  when  re- 
ceived by  him  was  partially  decomposed;  that  he  could  no  longer 
obtain  from  it  crystallizable  sugar  only;  yet,  from  these  fermented 
canes,  (^^6videmment  alt6r6es")  he  has  deduced  (see  page  26)  the 
composition  of  fresh  Otaheite  cane,  in  the  following  manner: 

^^M.  Gradis  obtained  for  me,  from  Martinique,  several  kilogram- 
mes of  cane,  dried  in  a  furnace  at  60^.  According  to  a  note  sent 
to  me  by  him,  M.  Peraud  had  obtained  from  24  kilogrammes  of 
fresh  cane  7^  kilogrammes  of  dried  x^ne.  They,  therefore,  con- 
tained 68.7  per  cent,  of  water.  But  their  desiccation  was  not  com- 
plete; for,  by  exposing  them,"  (after  they  reached  Paris,  and  when 
^^6videmment  a1t6r6es")  ^^to  the  temperature  of  100^  cent.,  they 
lost  9  or  10  per  cent,  more  of  water.  From  which  data,  the  com- 
position of  the  fresh  cane  should  be  72  per  cent,  of  water  and  28 
per  cent,  of  solid  matter." 

Now,  how  can  we  know  that  this  loss  of  "9  or  10  per  cent,  more" 
was  due  to  desiccation  alone?  Or  rather,  when  fermentation  has 
once  taken  place  in  an  organic  substance  of  so  complicated  a  na- 
ture as  dried  sugar  cane,  what  connexion  has  the  fact,  that  it  will 
then  lose  9  or  10  per  cent,  by  drying  in  a  stove  at  100^  cent.,  with 
its  composition  when  fresh  and  unalteredl  These  remarks  are  not 
made  in  disparagement  of  the  value  of  M.  P^ligot's  researches, 
still  less  in  censure  of  himself.  If  he  has  erred,  he  will  be  one  of 
the  first  to  admit  the  error,  and  his  reputation  rests  upon  too  solid 
a  foundation  to  be  affected  by  any  trifling  mistake  which  he  may 
have  committed. 

As  M.  P^ligot  followed  the  same  method  in  his  experiments  upon 
the  specimens  sent  to  him  from  Guadaloupe  by  M.  Dupuy,  it  may 
not  be  uninteresting  to  construct  from  the  data  furnished  by  the 
memoranda  of  M.  Dupuy,  and  given  by  M.  P^ligot  in  his  report, 
another  table  showing  the  results  of  the  drying  performed  in  the 
island,  by  exposing  the  pieces  of  cane  for  24  hours  to  the  tempera- 
ture of  60^  to  80°  centigrade,  previously  to  putting  them  in  bottles 
for  exportation.     M.  Dupuy  thus  obtained — 
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From  plant  canes,  1st  shoots 
From  Ist  rattoons,  2d  shoots 
From  2d  rattoons,  3d  shoots 
From  3d  rattoons,  4th  shoots 

Knots 

Cane  of  eight  months 

Cane  of  ten  months 

Inferior  part  of  the  cane.  .. 
Middle  part  of  the  cane .... 
Superior  part  of  the  cane  . . 


Water. 


73 

71 

71 

70.7 

70.6 

71.4 

71 

71.2 

71.4 

71.8 


D»y 


27 

29 

29 

29.3 

29.4 

28.6 

29 

28.8 

28.6 

28.2 


Juioe. 


88.33 
85.91 
86.91 
85.66 
85  43 
86.39 
85.91 
86.16 
86.39 
86.88 


flbr*. 


11.67 
14.19 
14.19 
14.45 
14.67 
13.61 
14.19 
13.85 
13.61 
13.12 


These  results  accord  with  those  obtained  by  me  in  Cuba,  (see 
»rts.  6,  *9,  21,  and  23  of  my  third  report,)  and  render  it  evident 
that  the  apparent  discordance  between  M.  PSIigot's  analyses  and 
those  of  Mr.  Casaseca  and  myself,  is  due  solely  to  the  circumstance 
of  his  having  aJded  to  the  water  evaporated  in  the  island  the  loss 
sustained  by  the  canes  when  subjected,  in  Paris,  to  the  tempera- 
ture of  212^  Fahrenheit,  and  when,  in  all  probability,  their  com- 
position had  suffered  change  by  fermentation. 

In  De  Bow's  Commercial  Review,  of  July,  1848^  Mr.  Avequin,  of 
New  Orleans,  who  had  sought  to  determine  the  composition  of  the 
cane,  and  obtained  resalts  similar  to  those  arrived  at  by  M.  P61igot, 
lias  attributed  extreme  neeligence  to  me,  by  reason  of  the  discord- 
ance which  I  have  j[a8t  discussed.  The  reader  may  refer  to  his 
article,  and  to  the  reply  thereto,  in  the  October  number. 

Although  I  differ  from  M.  P^ligot  in  some  of  the  minor  conclu- 
sions of  his  most  excellent  report  to  M.  Dnperr6,  I  yet  aere^  with 
him  in  very  many  of  the  views  which  he  has  adopted,  and  so  ably 
exposed'  and  recommended.  That  report  was  known  to  me,  when 
I  submitted  the  results  of  my  own  work,  only  through  accounts 
and  reviews  of  it  in  the  writings  of  others.  Had  it  been  within  my 
reach,  I  should  have  extracted  much  from  it  which  I  was  compelled 
to  obtain  at  second  hand;  and  I  now  take  pleasure  in  giving  to  the' 
reader  entire  a  translation  of  it,  with  the  remark  that  it  is  one  of 
the  most  frequently  quoted  and  valuable  documents  ever  written  in 
relation  to  the  sugar  industry. 
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NOTE  C. 


A  revort  to  Admiral  Duperre^  minister  of  the  navy  and  colonies^ 
relative  to  the  manufacture  of  sugar  and  the  composition  of  the 
sugar  cane.     By  M.  E.  Peligotj  professor  of  chemistry j  $•€.,  4rc. 

Paris,  June  17,  1842. 

Sir:  In  consequeDce  of  the  work  which  I  published  in  Novem- 
ber, 1839,  on  the  chemical  composition  of  the  sugar  cane  of  Mar- 
tiniquej  you  were  pleased  to  charge  M.  Dupuy,  pharmaceutist  of 
the  first  class  of  the  navy,  with  a  special  mission,  having  for  its 
object  the  performance,  at  Guadaloupe,  of  a  series  of  new  experi- 
ments relative  to  the  composition  of  the  cane,  and  the  transmission 
to  Fraace  of  specimens,  designed  to  permit  me  to  continue  the  re- 
searches which  I  had  commenced  concerning  that  plant. 

I  submitted  to  you  in  December,  1839,  the  instructions  which 
you  did  me  the  honor  to  request  me  to  draw  up,  and  which  I  pre- 

fiared  in  concert  with  M.  de  Jabrun,  then  delegate  from  Guada- 
oupe,  for  the  guidance  of  M.  Dupuy,  pharmaceutist,  &c.,  in  the 
selection,  preparation,  and  transmission  of  the  various  substances. 
Those  instructions  contained  succinct  directions  for  the  labors  to 
which  he  should  devote  himself  upon  the  spot;  for  the  purpose  of 
completing  the  information  previously  acquired  in  relation  to  the 
composition  of  the  cane,  and  the  quantity  of  sugar  extracted  from 
it  in  Guadaloupe. 

M.  Dupuy,  pharmaceutist  of  the  navy,  has  performed  his  mission 
with  zeal  and  ability.  I  received,  in  October,  1840,  from  M.  Ic 
Baron  Roussin,  minister  at  that  time,  the  products  of  the  cane  sent 
by  M.  Dupuy;  they  were  accompanied  by  a  preliminary  report, 
which  treated  of  their  origin,  of  their  preparation,  and  of  the  mean 
yield  or  product  of  the  sugar  industry  in  Guadaloupe;  I  likewise 
received,  on  the  7th  of  April,  1841,  through  the  minister  of  com- 
merce, the  second  report  sent  from  Guadaloupe  by  M.  Dupuy,  in 
continuation  of  bis  first  report;  lastly,  the  minister  of  commerce, 
submitted  to  me,  on  the  I3th  of  December,  1841,  the  third  report 
which  M.  Dupuy  transmitted  in  the  month  of  September  last,  and 
which  contains  useful  information  concerning  experiments  tried  in 
relation  to  the  desiccation  of  the  cine,  and  <he  extraction  of  the 
.  sugar  from  dried  cane,  as  a  manufacturing  operation. 

Conformably  to  the  request  which  you  made  of  me,  I  shall  now 
present  to  you  a  condensed  analysis  of  the  three  reports  of  M. 
Dupuy.  I  will  discuss  the  results  presented  in  them,  indicating 
the  matters  which  seem  to  me  of  the  most  interest;  and  I  shall  in- 
troduce, in  this  discussion,  the  experiments  which  I  have  made 
upon  the  products  confided  to  me  for  examination,  as  well  as  those 
which  have  been  performed  by  other  chemists  since  the  publica- 
tion of  my  first  essay. 

I  will  also  reply  to  various  questions,  and  to  some  criticisms, 
addressed  to  me  upon  the  occasion  of  my  first  analyses;  and,  in 
short,  I  shall  endeavor  to  throw  li^ht,  derived  from  the  numerous 
documents  which  we  now  possess,  upon  these  two  points,  the  most 
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important  in  the  manufacture  of  sugar;  the  quantity  of  sugar  ex- 
tracted from  the  cane,  and  that  which  might  be  obtained  by  im- 
proved methods. 

First  part  of  the  report  of  M.  Dupuy. 

In  his  introductory  remarks,  M.  Dupuy,  pharmaceutist  of  the 
nayy,  after  giving  the  botanical  description  of  the  sugar  cane, 
enumerates  all  the  services  rendered  to  man  by  that  plant,  which, 
besides  the  sugar  and  molasses,  so  useful  for  his  nourishment,  fur- 
nishes, in  its  woody  fibre,  a  valuable  fuel;  in  its  leaves,  a  manure; 
in  its  top,  when  green,  abundant  food  for  cattle;  and,  when  dry, 
covering  for  the  dwellings  of  the  negroes  and  for  the  begassa 
houses.  He  states  that  in  Guadaloupe  the  Otaheite  cane  is  almost 
the  only  variety  which  is  planted,  and  that  this  large  and  robust 
variety  succeeds  equally  well  in  low  moist  soils,  and  upon  the  dry 
slopes  of  the  more  or  less  elevated  districts  of  the  colony.  But, 
adds  M.  Dupuy,  within  the  period  of  fifty  years,  during  which  it 
has  been  cultivated  and  propagated  by  cuttings  in  the  West  Indies, 
it  has  considerably  degenerated;  orders  have,  therefore,  been 
given,  that  the  plant  be  renewed  by  fresh  importations  from  the 
fertile  plains  of  the  island  of  Otaheite. 

Is  this  degeneration  of  the  cane  in  the  West  Indies  real?  Some 
experienced  colonists,  among  whom  is  M.  JoUimont  de  Marcelles, 
of  Martinique,  doubt  its  truth;  while  many  others  admit  it,  by  rea- 
son of  the  circumstance  that  nobody  denies  the  fact  that  the  ex- 
traction of  sugar  was  formerly  more  easy  and  more  abundant  than 
at  present;  so  that  it  seems  to  be  agreed  that  either  the  cane,  or 
the  manufacture  of  sugar,  has  degenerated  in  our  colonies  within 
the  last  fifty  years. 

There  would  be,  in  any  event,  much  interest  in  comparative 
analyses  of  canes  cultivated  in  Otaheite  and  those  which  may  first 
grow  in  our  colonies  from  plantsbrought  from  that  island;  if  those 
analvses  were  made  with  exactness,  we  might  hereafter,  by  re- 
peating them,  follow  step  by  step  the  decline  of  the  cane,  and 
explain  it,  perhaps,  by  comparing  the  climates  and  soils  of  the  two 
localities. 

M.  Dupuy,  attaching  a  just  importance  tq  the  quantity  of  sac- 
charine juice  which  is  extracted  from  the  cane,  and  which  varies 
with  the  greater  or  less  degree  of  pressure  produced  by  the  cylin- 
ders between  which  the  canes  are  crushed,  describes  minutely  the 
experiments  which  he  has  made  to  establish  the  yield  in  juice,  on 
the  numerous  plantations  which  he  visited. 

Those  experiments  were  made  under  the  ordinary  circumstances 
of  manufacture,  and  upon  quantities  of  cane  which  varied  between 
100  and  6,000  kilogrammes;  the  canes,  being  weighed,  were  passed 
through  the  mill,  and  by  measuring  the  juice  obtained,  or  by 
weighing  the  dried  b«>gassa,  and  sometimes  by  employing  both  pro- 
cesses, the  quantity  of  juice  produced  was  obtained. 

By  summing  up  these  experiments,  which  were  made  i^  the  dif- 
ferent communes  of  Guadaloupe,  to  wit,  in  the  communes  of  Basse 
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61.2 

do 

do 

60.9 

do 

do 

69.3 

do 

do 

59.2 

do 

do 

58.2 

do 

do 

56.4 

do 

do 

Terre,  Trois  Rivieres,  de  la  Capesterre,  de  la  Baie  Mahault,  de 
I'Anse  Bertrand,  du  Port  Louis,  au  Mornea  I'Eau,  des  Ab'ymes,  de 
S4inte  Aune  et  du  Moule,  M.  Dupuy  has  established  the  fact  thst 
the  average  extraction  of  juice,  obtained  by  passing  the  canes  once 
through  the  mill,  as  is  always  done  in  practice,  furnishes  the  fol- 
lowing mean  comparative  results: 

61.8  per  cent,  of  juice,  by  hydraulic  mills. 

those  with  horizontal  rolls, 
steam  mills, 
water  and  wind  mills, 
mills  with  vertical  cylinders, 
mills  of  animal  power, 
wind  mills,  which   are  still  employed 
to  some  extent  in  Guadaloupe. 

These  numbers  give  the  result  of  44  trials,  performed  with  17 
water  mills,  15  wind  mills,  7  mills  with  horizontal  cylinders,  and 
6  steam  mills.     The  mills   in  operation  in  Guadaloupe  amount  to  < 
eOOnearly. 

In  discussing  this  yield,  and  assuming  69.3  as  the  mean  result, 
furnished  by  the  kind  of  mills  which  are  most  numierous,  M.  Dupuy 
remarks  that  the  loss,  which  amounts  to  one-third  of  the  whole 
quantity  of  juice  contained  in  the  cane,  might  easily  be  diminished 
by  mills  of  better  and  more  solid  construction.  He  observes,  at 
the  same  time,  that,  in  the  mode  of  working  usually  followed,  the 
manufacturer  seems  to  appreciate  the  necessity  of  a  great  pressure 
less  because  he  is  interested  in  the  begassa,  which  he  wishes  to 
economize  and  not  to  break  too  much,  because  it  is  the  only  fuel 
which  he  employs  for  his  crop.  Nevertheless,  M.  Dupuy  estimates 
that,  if  the  pressure  usually  exerted  by  the  mills  were  to  produce 
65  to  66  per  cent,  of  juice,  the  most  desirable  point  would  be  at- 
tained, both  with  reference  to  the  management  of  the  begassa  and 
the  increased  yield  in  juice. 

In  fact  this  difference  of  59  to  65  per  cent,  of  juice  is  sufficient, 
as  the  calculations  of  M.  Dupuy  show,  to  produce  an  excess  of 
14,000  kilogrammes  (28  hogsheads)  of  susar  on  a  plantation  pro- 
ducing annually  200  hogsheads  of  500  kilogrammes  each.  Now, 
these  14,000  kilogrammes,  at  250  francs  per  500  kilogrammes,  are 
worth  7,000  francs,  without  taking  into  account  the  value  of  the 
molasses.  The  whole  crop  of  the  island,  which  is  70,000  hogs- 
heads, would  be  increased  in  value  to  the  extent  of  1,837,500 
francs,  independently  of  the  molasses.  This  increase  would  also 
take  place  without  additional  expense. 

These  results  are  sufficiently  certain  to  demand  the  grave  con- 
sideration of  the  colonists.  Their  importance  is  such  that,  by  rea- 
son of  the  limits  established  by  the  daily  work,  the  fortune  or  ruin 
of  a  planter  must  depend  more  upon  the  greater  or  less  degree  of 
pressure  of  his  canes  than  upon  any  other  cause. 

Nothing  is  more  contradictory,  moreover,  than  the  documents 
upon  this  question,  so  impoiUivt.  in  the  sugar  industry,  namely, 
the  yield  in  juice  of  \\ie  c^^ii^. 
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I  have  cited,  in  my  first  memoir,  some  experiments  made  at  New 
Orleans  by  Mr.  Ayequin,  a  skilful  pharmaceutist,  which  establish 
that  the  yield  of  canes  is  60  per  cent  of  juice  in  that  locality.* 

M.  Senez,  of  Cayenne,  \>btained,  by  means  of  a  mill  moved  by  a 
steam  engine  of  eight-horse  power,  36  per  cent,  of  juice  from  canes. 

M.  Dupuy  has  shown  that,  at  Guadaloupe,  the  yield  varies  from 
68.6  to  64  per  cent.  The  mean  of  the  results  obtained  by  M.  Du- 
puy is  66  per  cent.  ' 

M.  Guignod  (a  citizen  of  Martinique^  who  has  published,  in  the 
annals  of  the  agricultural  society  of  that  colony,  several  articles 
which  contain  criticisms,  sometimes  just,  but  always  bitter  and  in- 
temperate, upon  my  first  essay  in  relation  to  the  cane,)  obtained, 
by  a  single  pressure,  63  per  cent.,  and  by  a  second  7  per  cent,  of 
juice,  which  makes  70  per  cent,  of  juice  obtained  from  canes. 

M.  Guignod,  who  is  certainly  an  experienced  and  skilful  manu- 
facturer, disputes  the  accuracy  of  the  yield  stattd  by  M.  Senez;  but, 
as  he  rests  solely  upon  conjectures,  and  upon  the  difference  of  in- 
complete results  obtained  at  Cayenne  and  on  bis  own  estate,  his 
opinion  upon  this  point  has  no  great  value.  He  thinks  that  the 
mill  which  gave  him  the  above  mentioned  70  per  cent.,  is  inferior 
to  nine-tenths  of  those  of  Martinique;  and  he  estiuiates  at  76  per 
cent,  of  the  weight  of  the  canes  the  juice  which  several  of  the  best 
established  mills  of  the  colony  can  furnish  by  a  first  and  second 
pressure. 

It  is  also  known  that  on  almost  all  of  the  plantations  the  canes 
are  rolled  but  once.  A  quantity  of  juice  is  thus  constantly  lost^ 
which  varies  from  4  to  7  per  cent,  of  the  weight  of  the  canes,  and 
which  would  be  obtained  by  means  of  a  second  pressure.  In  fact 
it  is  customary  in  Martinique  to  pass  through  the  mill  at  the  same 
time,  with  fresh  canes,  the  begassa  furnished  by  a  first  pressure; 
but  this  method  cannot,  in  any  manner,  increase  the  yield  of  juice^ 
since  the  begassa,  being  moistened,  as  at  first,  by  the  juice  which 
flows  from  the  fresh  canes,   should  absorb,   at  the   moment  when 


*  The  following  results  of  five  experiments  in  LooisUna.  ''  made  npon  the  plantation  of 
Hr.  V.  B.  Marmillion,  25th  Nevember,  1842,  with  a  first  rate  horizontal  mill,  moved  by  a 
iteam  engine  of  16-horse  power,"  are  pablisbed  by  Mr.  Avequin  in  De  Bow's  Review,  yoL 
VI.,  No.  1,  page  81, 1S4S: 


Variety. 

Juice 
expressed. 

Begassa. 

Density  of 

juioe. 

(Baum^) 

Ribbon  eaaee 
Violet      do 
Gray        do 
Otaheite  do 
Creole      do 

63.1 
•8.0 
64.0 
66.8 
67.8 

36.9 
37.0 
36.0 
34.2 
32.3 

8!26 

8.5 

7.75 

8.6 

9.0 

Mr.  Avequin  adds:  ''  I  could  mention  other  experiments  made  for  the  same  purpose  in 
other  mills,  vhieh  experiments  have  clearly  demonstrated  that  a  large  number  of  planters 
in  Louisiana  obtain  from  63  to  64  per  cent,  of  juice."— (JVofe  ^y  ^^  ^ran«lator  \ 
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they  escape  from  the  action  of  the  cylinders  which  compress  them, 
all  the  juice  which  their  spongy  tissue  can  imbibe  in  resuming  its 
size  by  dilatation. 

Lastly:  M.  Paul  Daubr^e,  in  a  remarkable  essay,  published  in 
1841,  having  for  its  title — Question  coloniale  sous  le  rapport  tndut- 
triel^  thus  remarks:  ^^ Having  checked  this  estimate  (that  of  M. 
Dupuy)  upon  some  badly  furnished  plantations,  the  number  of  which 
is  considerable,  we  are  convinced  that  the  mean  yield  is,  in  fact, 
only  50  per  cent.;  five-tenths,  therefore,  only  are  obtained,  and 
four-tenths  remain  in  the  woody  portion,  commonly  called  begassa." 

Whatever  may  be  the  actual  yield,  it  is  evident  that  the  most 
essential  part  of  the  colonial  work,  the  extraction  of  the  juice, 
leaves  at -this  moment  much  to  be  desired.  Can  this  extraction  be 
improved?  Every  body  is  agreed  upon  this  question,  and  some 
mills  already  furnish  a  yield  much  beyond  that  generally  obtained. 

It  is  essential  to  insist  upon  this  point,  that  the  treatment  of  the 
cane,  in  order  to  extract  from  it  the  greatest  amount  of  juice,  may 
be  performed  by  several  different  methods.  We  will  point  them 
out  succinctly. 

Ist.  The  most  direct  will  always  consist  in  employing  powerful 
mills,  producing  at  first  the  largest  proportion  of  juice,  which  pro- 
portion may  be  practically  estimated  at  70  per  cent,  of  the  weight 
of  the  canes,  and  76  by  a  second  pressure. 

But  the  precarious  state  in  which  the  colonial  industry  has  long 
found  itself,  places  it  in  the  power  of  but  few  planters  to  procure 
mills  of  better  construction,  often  also  requiring  greater  motive 
power.  This  process  is,  therefore,  of  very  limited  availability  at 
present. 

2d.  The  addition  of  a  fourth  cylinder  to  these  mills  of  better 
construction,  or  even  to  the  mills  in  use,  should  be  very  useful;  it 
accomplishes  the  effect  of  producing  this  second  pressure  immedi- 
ately, without  retarding  the  work,  and  thereby  increases  the  pro- 
portion of  juice  from  4  to  7  per  cent.  M.  Guignod  himself  ad- 
vises this  addition,  strongly  opposed  as  he  is  to  experimental  im- 
provements, which  he  considers  useless — the  colonists  working,  in 
his  opinion,  as  well  as  possible. 

By  causing  a  fine  stream  of  water  to  fall  upon  the  begassa  at  the 
moment  when  it  is  subjected  to  this  second  pressure,  the  operation 
would  be  rendered  still  more  effectual. 

3d.  In  my  memoir  on  the  analysis  of  the  cine,  I  have  stated 
that,  by  immersing  the  begassa  in  water  and  then  rolling  it  a 
second  time,  the  yield  would  be  greatly  augmented.  This  method 
.seems  to  be  that  which  is  the  best  adapted  to  the  mills  of  three 
cylinders  now  in  use,  when  they  cannot  exert  sufficient  pressure. 

Supposing  the  quantity  of  water  absorbed  by  the  begassa  to  be 
equal  to  the  quantity  of  juice  which  it  has  already  given,  we  see 
that  it  will  furnish  by  this  maceration  a  liquid  containing  one- 
half  as  much  sugar  as  the  original  juice;  so  that,  if  the  juice  ex- 
pressed at  first  indicates  10  degrees  Baum6,  the  new  liquid  will 
mark  5  degrees  of  the  same  instrument. 

If,  now,  the  pressure  exerted  upon  this  washed  begassa  furnishes 
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a  qatntity  of  liquid  equal  to  that  already  obtained,  56  per  cent., 
for  example,  the  two  extracted  liquids  together  would  afford  112 
of  juice,  marking  7i^  degrees,  Baum6;  so  that,  if  the  quantity  of 
saccharine  liquid,  supposed  of  equal  density,  is  represented  by  56 
in  the^first  treatment,  it  will  become  79,  by  means  of  this  washing. 

Observations  made  on  the  spot  by  M.  Dupuy  show  that  each 
gallon  (4  litres)  of  juice,  marking  9  degrees,  Baum6,  weighs  1 
xilog.  90  gr.,  and  furnishes  500  gr.  of  sugar,  (being  21.8  per  cent.;) 
whence  it  follows,  that  instead  of  obtaining  7.1  per  cent,  of  sugar, 
the  colonist,  by  aid  of  this  second  operation,  would  get  10  per 
cent. 

Applying  this  calculation  to  a  plantation  which  produ.ces  100,000 
kiloGT.  of  sugar,  (200  hogsheads,)  which  would  give  a  gross  retura 
of  50,000  francs,  the  receipts,  in  consequence  of  this  new  yield, 
will  become  70,536  francs. 

The  practical  difficulties  and  the  expenses  of  this  operation  re- 
main to  be  discussed. 

The  begassa  subjected  twice  to  the  action  of  the  mill  will  prob- 
ably be  found  to  be  too  much  divided  to  render  it  practjcable  to 
employ  it  for  fuel,  in  the  manner  usually  followed.  But  because 
the  employment  of  this  fuel  will  offer,  at  first,  some  difficulties  to 
be  overcome,  should  so  important  an  augmentation  be  renounced?  * 
Perhaps,  in  the  spirit  of  despondency  which  has  seized  upon  many 
of  the  colonists,  some  will  reply  affirmatively  to  this  question;  but 
all  the  friends  of  progress,  all  those  who  believe  that  improve- 
ments introduced  into  a  branch  of  industry  conspire,  above  all  ' 
things,  to  its  preservation  and  prosperity,  will  seek  to  know  and 
surmount  those  difficulties.   * 

The  state  of  division  of  the  begassa  will,  as  we  have  said,  ren- 
der the  handUng  of  the  fuel  more  difficult,  alid  at  the  same  time 
will  hin<ler  it  from  burning  in  the  present  furnaces,  in  the  game 
manner  as  when  it  has  kept  the  primitive  form  o(  the  cane. 

It  is  easy  to  put  the  begassa  thus  torn  asunder  into  a  more  com- 
pact form.  In  Martinique,  tbis  operatioa'is  already  performed  in 
some  cases  by  tying  together  the  more  divided  portions. 

But  this  fuel  will  become  insufficient  to  evaporate  the  excess  of 
water  which  the  n^w  process  would  require.  That  is  probable,  al- 
though it  is  also  possible  that,  by  a  more  extended  arrangement  in 
the  fire  places,  the  begassa  may  suffice  for  the  evaporation, 

jidmitting  that  in  fact  the  use  of  some  other  fuel  may  become 
necessary,  let  us  examine  whether  its  price  would  render  this  ope- 
ration impracticable. 

In  Martinique,  the  country  being  densely  wooded  in  the  unculti- 
vated portions,  wood  now  costs  but  little  more  than  the  expense  of 
cutting  and  hauling  to  the  plantations.  This  difficulty  does  not, 
therefore,  exist  for  that  colony;  it  exists  still  less,  by  reason  of 
the  fact,  that  if  the  usb  of  wood  became  general  the  present  ex- 
pense of  transportation  would  be  probably  diminished  by  making 
roads  and  keeping  them  in  better  order,  as  a  matter  of  general 
atility. 

But  in  Ouadaloupe  and  the  other  colonies,  I  suppose  they  would 
36 
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he  obliged  to  import  coal  from  Englandi  Belgium,  or  FrancBi  and 
that  this  fuel  would  cost  the  high  price  of  6  friincs  per  hectolitre. 
Since  one  kilogramme  of  coal  evaporates  at  least  five  of  water, 
and  one  hectolitre  of  coal  weighs  about  80  kilogrammes,  we  find 
by  calculation,  (supposing  the  juice  to  indicate  7j^^,  Baum6,  and 
te  contain  15  per  cent,  of  dissolved  matter,  sugar  and  molasses, 
and  that  these  two  substances  are  obtained  in  the  ratio  of  3  to  1,) 
that  one  kilogramme  of  coal  will  furnish  one  kilogramme  of  sugar, 
which  would  consequently  cost  6  c.  for  fuel,  or  6,000  francs  for 
100,000  kilogrammes  of  sugar. 

Now, .we  have  seen  above  that  the  quantity  of  sugar  would  be- 
come equal  to  141,000  kilogrammes  by  reason  of  the  new  yield. 
The  expense  for  coal  would,  therefore,  be  8,4€0  francs. 

But  as  this  expense  is  based  upon  the  whole  of  the  manufacture^ 
while  the  begassa  should,  as  usual,  serve  to  evaporate  at  least  half 
of  the  water  contained  in  the  112  of  juice,  it  is  proper  to  redace 
the  required  quantity  of  coal  to  one-half  of  the  above. 

Hence,  141,000  kilogrammes  of  sugar  would  cause  an  increased 
expense  of  4,230  francs,  and,  as  the  141,000  kilogrammes  are  worth 
the  additional  sum  of  20,536  francs,  the  advantage  arising  from  thig 
operation  would  be  16,306  francs. 

Ini  these  calculations  I  have  neglected  the  molasses  and  the 
value  which  it  represents. 

The  operation  of  washiiSg  and  second  pressure,  which  I  here 
discuss,  is  not  a  mere  chimera,  or  which  amounts  to  the  same  thing 
with  many  persons,  a  theoretical  operation;  for  M.  Dupuy  says  in 
his  report  that,  on  the  plantation  of  M.  Jabrun,  he  has  extracted^ 
on  a  large  scale,  one-iitth  more  of  sugar  than  is  obtained  by  the 
ordinary  method,  by  means  of  washing  and  rolling  the  fresh  be- 
gassa, without  changing  the  us^ial  work  of  the  sugar- house,  or 
tearing  the  begassa  so  much  as  to  unfit  it  for  fuel.  It  is  to  be  re- 
gretted that  M.  Dupuy  has  not  given  a  detailed  account  of  the 
trials  which  he  made  of  this  method. 

4th.  Lastly,  it  is  probable  that  the  peculiar  system  of  extraction 
of  beet  sugar,  which  is  due  to  M.  de  Dombasle,  and  which  is 
known  as  the  process  of  maceration^  might  be  advantageously  ap- 
plied to  the  cane.  It  is  known  that  this  accomplished  agricul- 
turist has  long  pursued,  with  a  degree  of  perseverance  and  confi- 
dence now  justified  by  his  success,  the  application  of  a  method 
which  permits  a  quantity  of  sugar,  incontestably  greater  than  tfatt 
obtained  by  the  ordinary  methods,  to  be  extracted  from  the  beet. 
For  this  method  furnishes,  according  to  its  author,  the  whole  of 
the  sugar  which  exists  in  that  plant. 

The  introduction  of  this  process  in  the  colonial  industry  would 
produce  the  following  immediate  consequences: 

1st.  The  abandonment  of  mills,  rendered  useless  as  the  presses 
are  in  the  extraction  of  beet  suj^ar  by  macera\ion. 

2d.  The  acquisition  of  nearly  all  the  saccharine  juice  in  the 
cane. 

It  is  evident  that,  ^Hf  to  these  advantages  we  add  the  practicable 
improvements  in  the  Uealmeul  ol  \.\i^\\x\^^^lQt  Ihe  extraction  of 
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the  sugar^  improvements  whicli  we  will  discuss  hereafter,  the  man- 
ufacture of  cane  sugar  would  promptly  attain  a  degree  of  perfec- 
tion which  could  not  be  surpassed,  and  from  which  at  present  it  is 
far  removed. 

It  is  known  that  the  process  of  maceration  reposes  upon  th^ 
principle  long  'admitted  and  employed  of  systematic  washings, 
{^^lavages  meihodiques  f^)  for  the  description  of  which  process  I 
refer  to  one  of  the  numerous  publications  of  M.  de  Dombasle.  In 
my  opinion,  it  is  applicable,  with  some  modifications,  to  the  manu- 
facture 6(  cane  sugar. 

The  cutting  of  the  canes,  by  which  we  commence,  is  an  easy 
operation.  The  tissue  of  the  plant  being  formed  of  transverse 
fibres  and  very  permeable*  to  water,  the  mixture  of  its  saccharine 
juice  with  the  water  added  will  take  place  promptly. 

For  the  beet,  maceration  is  performed  with  hot  water  in  the  first 
kettle,  and  completed  by  subsequent  washings  with  cold  water;  foi; 
the  cane,  the  continued  use  of  hot  water  would  probably  be  indispen- 
sable. It  is  only  within  a  few  years  that  M.  Mathieu  de  Dombasle 
has  substituted  for  the  hot  water  used  in  all  the  macerations  immer- 
sions in  cold  water;  it  was  necessary  to  do  so  in  order  to  realize  a 
condition  indispensable  to  his  system,  economy  of  fuel;  but  in  my 
opinion,  it  has  not  been  demonstrated  that  this  modification  \fi  as 
advantageous  as  he  believes  it  to  be;  it  is  certain  that  in  some 
factories  which  employ  his  method  the  w&rk  does  not  proceed  well, 
except  when  intermittent;  that,  when  it  is  continuous,  the  sirups 
refuse  to  crystallize  after  a  certain  number  of  turns  (vtreme/i/i,) 
as  if  som«  portions  of  the  fermentable  matter  of  the  beet  which 
the  temperature  of  100^,  (212^  Fahrenheit,)  should  destroy,  were, 
nevertheless,  regenerated  in  the  cold  water  vats^  and  had  trans- 
formed the  sugar  into  a  substance  incapable  of  crjrstalizing. 

Since  the  fermentation  af  saccharine  juices  is  the  more  active  in 
proportion  as  their  temperature  approaches  30^  to  40°  centigrade 
(85°.  to  100^  Fahrenheit,)  since  in  the  colonies  the  ordinary  atmos- 
pheric temperature  would  produce  that  degree  of  heat  nearly,  and 
since  it  is  known,  that  as  soon  as  fermentation  takes  place  the 
crystallizable  sugar  is  in  part  destroyed,  it  would  very  probably, 
be  necessary  to  keep  the  liquids  during  the  whole  series  of  mace- 
rations, at  a  temperature  sufficiently  elevated  to  prevent  fermenta- 
tion from  occurring  or  continuing. 

5th.  Finally,  the  desiccation  of  the  cane  in  stoves,  or  by  the  sun, 
and  the  subsequent  treatment  of  the  dried  residue,  either  in  France 
or  upon  the  spot,  might  be  employed  perhaps  with  advantage.  At 
the  end  of  this  report  I  will  discuss  this  method,  which  will  fur- 
nish, if  well  managed,  a  much  greater  quantity  of  sugar  than  that  ^ 
produced  in  the  or«linary  way. 

These  different  systems  may,  therefore,  lead  to  a  greater  yield 
of  sugar  than  that  now  obtained.  In  pointing  them  out,  I  have  not 
the  lolly  to  suppose  their  execution  exempt  from  difficuliy;  but  I 
believe  that  tiiey  are  worthy  of  trial  and  of  comparative  examina- 
tion, and  that  their  discussion  may  give  cise  to  improvements  which 
are  urgently  needed.     It  is  time  that  the  colotv\?k\'&  ^\\,^>\\^i.  \i*c\v^^^ 
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that  there  are  several  methods  of  extracting  sugar  from  the  cane; 
that  it  is  not  iotipossible  to  carry  their  industry  out  of  the  beaten 
track  which  they  have  so  long  followed;  that  routine  is  good  only 
virhen  it  protects  and  preserves  processes  which  science  (another 
name  merely  for  knowledge  and  good  sense)  indicates  as  the  best; 
that  indifference  to  progress  in  manufactures  is  not  allowable,  evtn, 
when  rivalry  and  cooperation  are  wanting. 

The  first  report,  of  which  the  above  is  an  analysis,  accompanied 
the  boxes  filled  with  the  products  of  the  sugar  cane,  which  were 
entrusted  to  me  for  examination;  it  ends  with  an  inventory  of  the 
substances  which  M.  Dupuy  has  collected. 

In  discussing  the  second  part  of  M.  Dupuj's  report,  I  will  give  an 
account  of  the  experiments  which  I  have  made  with  those  products. 

Second  part  of  the  report  of  M.  Dupuy. 

This  second  part,  which  was  transmitted  to  me  on  the  7ih  of 
April,  1841,  by  the  minister  of  agriculture  and  commerce,  contains 
documents  of  interest,  alike  in  reference  to  the  composition  of  the 
cane,  both  fresh  and  dried,  to  the  processes  of  manufacture  fol- 
lowed in  Guadaloupe,  and  to  the  useful  modifications  of  those 
whicb  could  .be  immediately  introduced. 

M.  Dupuy  repeated  on  the  spot  the  experiments  which  I  have 
published,  upon  the  composition  of  the  cane  and  the  non-existence 
of  uncrystallizable  sugar  in  that  plant.  Those  experiments  have 
been,  both  in  France  and  Martinique,  the  subject  of  active  dispute; 
some  'have  questioned  their  accuracy — others  their  novelty.  My 
first  attempts,  having  been  performed  with  insuflScient  materials, 
should,  in  fact,  afford  room  for  criticisms;  of  which  I  would  not 
complain,  though  they  have  been  sometimes  unjust  and  in  ill  tem- 
per, for  those  criticisms  have  provoked  new  researches  and  contri- 
buted to  the  discovery  of  truth. 

By  following  simple  processes  of  analysis,  which  should  appSi- 
rently  furnish  exact  results,  M.  Dupuy  has  found  that  canes  of 
which  the  density  marks  10^  degrees  Baum6,  at  the  temperature  of 
28^  centigrade,  leave,  by  desiccation  at  100°  centigrade,  twenty- 
eight  ptr  cent,  of  solid  residue;  they,  therefore,  contain  seventy- 
two  of  water. 

The  treatment  of  one  portion  of  this  residue  with  water,  and  the 
incineration  of  another  portion,  in  order  to  obtain  the  fixed  sails 
which  it  contained,  led  M.  Dupuy  to  assign  to  the  canes  which  he 
analyzed  the  following  composition: 

Water 72.0 

Woody  fibre 9.8 

Soluble  matter 17,8 

Salts 0.4 


100.0 
This  composition   is   verj  closely  accordant    with  that  which  I 
have  deduced  from   the    examination    of   ihe   juice    and    the  driei 
canes  which  I  received  from  Martinique  in  1839 — since  I  found: 
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Water 72.1 

Woody  fibre 9.9 

Soluble  matter. > 18.0 


100.0 


This  analysis  needed  very  much  to  be  carefully,  checked,  since 
it  was  obtained  by  indirect  means  from  the  composition  of  the  juice 
on  the  one  hand,  and  on  the  other  from,  that  of  the  canes  dried  on 
the  spot— with  all  requisite  care,  it  is  true,  for  the  skill  and  expe- 
rience of  M.  P^raud  are  guarantee  thereof;  but,  nevertheless,  with- 
out my  participation. 

I  think  that  it  may  now  be  admitted  as  a  well  established  fact, 
that  the  insoluble  substance,  or  woOdy  fibre,  which  constitutes  tl^e 
solid  fabric  of  the  cane,  exists  in  it  in  the  mean  proportion  of  9 
to  11  per  cent.;  I  speak;  only  of  mature  canes,  fit  for  working. 

This  conclusion,  however,  does  not  seem  to  accord  with  the  re- 
sults obtained  in  Martinique,  by  M.  Guignod,  assisted  by  several 
mem];>ers  of  the  agricultural  society  of  that  colony;  for  M.  Guig- 
nod found  that  150  kilogrammes  of  canes  furnished  18.5  kilo- 
grammes of  begassa,  after  they  had  been  passed  through  the  mill, 
then  washed  with  water  to  extract  all  the  sugar;  and,  lastly,  sub- 
jected to  desiccation;  so  that,  according  to  this  result,  100  of  canes 
contain  13  of  woody  fibre. 

But  it  is  very  probable  that  this  discrepancy  is  only  apparent; 
for  M.  Guignod  does  not  say  whether  his  washed  begassa  was  dried 
by  the  atmosphere,  or  in  a  stove  at  the  temperature  of  100°  centi- 
grade; and  it  is,  therefore,  probable  that  he  performed  this  desic- 
cation at  the  ordinary  temperature  of  the  air;  npw,  however  long 
'  a  substance  so  porous  as  begassa  may  be  subjected  to  continued 
contact  with  the  air,  even  under  the  influence  of  the  rays  of  the 
sun,  it  will  always  retain  several  per  cent,  of  water,  which  the 
temperature  of  100^  can  alone  remove;  so  that  if,  in  fact,  M. 
Guignod  produced  the  desiccation  by  means  of  the  air  alone,  the 
results  which  he  has  published  do  not  invalidate  those  which  have 
been  obtained  by  M.  Dupuy  and  myself;  which  also  accord  with 
experiments  m{ide  in  1825  by  M.  Avequin,  an  apothecary  of  New 
Orleans. 

Nevertheless,  notwithstanding  this  concordance  between  analy- 
ses made  under  very  different  circumstances,  I  have  seen  fit  te  avail 
myself  of  the  specimens  collected  and  prepared  at  Guadaloupe  by 
M.  Dupuy,  to  ascertain  the  composition  of  the  cane  by  means  of 
new  experiments. 

These  specimens  which  M.  Dupuy  collected  and  prepared  with 
great  care,  are  of  several  sorts;  they  respond  to  the  desiderata 
enumerated  in  the  instructions,  drawn  up  by  M.  de  Jabrun  and  my- 
self, to  guide  M.  Dupuy  in  his  mission;  and  they  consist  princi- 
pally of, 

1st.  Juice  of  different  origin,  preserved  by  the  method  of  Ap- 
pert; 

2d.  Dried  cane; 

3d.  Fresh  canes. 
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To  each  of  the  specimens  is  attached  a  number  engraved  on  a 
disc  of  lead;  which  correspond  to  the  same  number  in  the  inven- 
tory of  substances,  at  the  end  of  the  first  part  of  the  report  of  M. 
Dupuy;  its  source,  the  circumstances  of  its  growth,  etc.,  are  there 
also  stated 

As  was  to  have  been  expected,  these  specimens  were  not  all  ia 
an  equally  good  state  of  preservation.  While  that  of  the  dried 
canes  left  nothing  to  be  desired,  it  was  not  so  with  the  juice;  of 
which  most  of  the  bottles  ha'd  become  quite  sour,  and  had  a  taste 
at  the  same  time  vinous  and  pricked,  indicating  fermentation  more 
or  less  complete.  This  juice  was  assuredly  very  different  from 
that  which  I  analysed  in  1840;  which  was,  and  is  even  now,  (I 
still  have  a  bottle  of  it,)  in  a  state  of  perfect  preservation. 

Thij^  diflference  is,  without  doubt,  independent  •  of  Appert's 
method;  which  was  employed  in  both  instances,  and  which  also 
assures  the  indefinite  preservation  of  substances  much  more  alte- 
rable than  cane  juice;  I  think  that  it  was  due  chiefly  to  the  man- 
ner in  which  the  bottles,  sent  by  M.  Dupuy,  were  corked;  most  of 
them  had  corks  which  were  too  small  and  of  bad  quality;  they 
were  removed  by  the  si  ghtfst  force;  moreover,  the  wax  around 
them  was  brittle  and  in  part  detached  before  the  arrival  of  the  bot- 
tles. It  is  known  that  the  method  of  Appert  is  effectual  only  as 
long  as  the  substances  placed  under  its  protection  are  kept  without 
any  subsequent  contact  with  the  air. 

This  alteration  of  the  juice  sent  from  Guadaloupe  is  greatly  to 
be  regretted;  it  prevents  the  realization  of  the  project  I  had  of 
studying,  attentively,  the  substances  foreign  to  the  sugar  which 
exist  in  cane  juice;  in  very  small  quantities,  it  is  true,  but  still 
suflScient,  perhaps,  to  have  some  influence  upon  the  yield,  when 
they  accumulate  in  the  residues  and  in  the  molasses.  The  exami- 
nation and  separation  of  those  substances,  (of  the  albuminous  mat- 
ter in  particular,)  Is  possible  only  when  a  sufficiently  large  quan- 
tity of  juice  can  be  obtained*.  T'  is  condition  was  fulfilled,  for  I 
received  thirty  litres  of  that  liquid;  but  its  bad  state  of  preserva- 
tion rendered  the  examination  impracticable,  without  probably 
confounding  the  pre-existing  substances  in  the  juice  of  the  plant 
.with  those  produced  by  its  spontaneoua  alteration.  This  confu- 
sion is  not  always  easy  to  avoid  when  we  operate  upon  a  normal 
liquid;  and  it  is  impossible  to  eliminate  it  from  one  already  al- 
tered. 

As  some  of  the  bottles  were  untouched,  I  was  enabled  to  employ 
them  usefully,  as  will  appear,  to  aid  in  solving  some  questions 
which  I  have  purposed  to  decide. 

The  fresh  canes  were  of  diflferent  ages  and  dilTerent  rattooning ; 
sealed  with  wax  at  the  ends  immediately  after  having  been  cut; 
then  packed  in  layers  with  dry  sand,  in  a  case  of  zinc,  the  cover 
of  which  was  soldered  on.  This  solderinjy,  in  fact,  was  rendered 
useless  by  reason  of  a  large  hole  made  in  one  of  the  sides,  proba- 
bly by  the  revenue  officers,  habitual  destroyers  of  scientific  speci- 
mens. 
The  good  preservation    of  these  canes,   with   all  their   water  Of 
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Tegetation,  was  not  anticipated;  but  the  attempt  was  deemed 
worthy  of  trial,  whatever  the  result  might'be.  It  did  not  succeed; 
the  canes  were  profoundly  altered;  but  eTen  the  circumstances  of 
their  alteratio'n  are  attended  with  interest. 

Thescf  canes,  analysed .  immediately  after  the  opening  of  the 
zinc  box,  furnished  a  large  quantity  of  juice  by  means  of  a  slight 
pressure. 

The  liquid  was  somewhat  viscid,  of  a  clear  yellow,  of  a  fresh 
sweet  taste  and  an  odour  like  that  of  apples.  Subjected  to  erapo- 
ration,  pure  or  defecated,  it  did  not  yield  any  crystals  of  sugar, 
even  after  a  considerable  lapse  of  time;  alcohol  separated  from  it 
a  somewhat  abundant  viscous  matter. 

I  dried  some  pieces  of  these  canes;  the  dried  residue  varied 
from  20  to  24  per  cent,  of  their  weight.  This  proportion  is  less 
than'  that  of  canes  in  their  ordinary  or  fresh  state,  since  in 
these  the  residue  amounts  to  2S  per  cent.;  as  it  is  not  probable 
that  they  could  have  absorbed  water  from  dried  sand  and  in  a  box 
of  metal,  it  must  be  admitted  that  they  suffered  a  change  quite  pe- 
culiar; their  sugar  being  in  part  transformed  into  volatile  or  gase- 
ous elements,  without  passing  into  the  vinous  fermentation;  for 
the  neutrality  gf  their  juice  proves  that  carbonic  acid,  alcohol  and 
acetic  acid,  were  not  formed  at  the  expense  of  the  saccharine  liquid. 

It  is  necessary  that  future  researches  upon  this  kind  of  altera- 
tion, so  important  to  be  thoroughly  investigated,  and  so  little, un- 
derstood, should  teach  us  whether,  contrary  to  what  we  now  Re- 
lieve, the  products  which  remain  after  viscous  fermentation  are  of 
less  weight  than  that  of  the  sugar  which  has  been  destroyed. 

Lastly,  a  dozen  bottles  contained  dried  cane;  the  excellent  state  « 
of  preservation  of  which  left  nothing  to  be  desired,  and  of  which 
I  made  good  use. 

Besides  these  principal  objec^,  the  boxes  contained  specimens 
of  the  soils  in  which  the  canes  sent  had  grown;  specimens  of  the 
sugar  produced  by  the  juice;  and,  lastly,  a  specimen  of  ferrugin- 
ous sand,  which  exists  in  large  quantity  at  PAnse-Saint-Sauveur; 

I  will  now  set  forth  the  results  of  the  experiments  which  I  have 
made  with  these  different  products: 

The  most  important  question  to  be  settled  is,  certainly,  that 
which  concerns  the  original  state  of  the  sugar  in  the  cane;  some 
details  in  regard  to  the  position  of  this  question  seem  to  me  useful 
to  be  given.  * 

Chemists  have  admitted  until  recently,  that  the  sugar  which  ex- 
ists in  the  cane,  and  in  the  beet,  is  partly  in  the  state  of  crystal- 
lizable  sugar,  and  partly  in  that  of  liquid  or  uncrystallizable  sugar; 
it  is  sugar,  in  the  latter  state,  which  constitutes  the  sirup  or  mo- 
lasses, which  is  always  produced  in  the  manufacture  of  sugar, 
from  those  plants. 

Accurate  experiments  having  shown  some  years  ago,  that  in 
the  beet  all  the*  sugar  preexists  in  the  crystallizable  state, 
it  was  probable,  that  it  was  so  likewise  with  the  cane.  Yet, 
all  the  chemists  who  had  occupied  themselves  with  that  plant 
had,  on   the  contrary,   concluded    that    a    quantity  more  or  less 
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considerable  of  liquid  sugar  pre-exists  therein.  Thus  Cazaux, 
in  a  book  published  fifty  years  ago,  admits  that  the  most  usual 
proportion,  as  well  as  the  most  desirable^  between  the  sugar  and  the 
molasses  in  canes,  is  equality  in  weight  of  those  two  substances. 
Dutrone  Lacouture,  whose  work,  though  published  in  1790,  is  still 
followed  as  authority  by  some  of  the  colonists,  not  only  refrains 
froih  doubting  the  pre-existence  of  the  molasses,  but  eVen  gives 
tables  to  show  the  proportions  by  means  of  the  density,  in  which 
it  is  mixed  with  the  sugar.  More  recently,  an  illustrious  French 
chemist,  Proust,  arrived  at  the  same  conclusion,  by  means  of  an 
analysis  of  canes  from    Malaga.     Lastly,  M.    Avequin,   a    skilful 

Sharmaceutist  of  New  Orleans,  published  in  18c5,  the  analysis  of 
taheite  and  Ribbon  cane,  and  admits  that  in  those  plants  one  third 
of  the  sugar  exists  in  the  liquid  state,  or  as  molasses. 

A  fortunate  occasion  permitted  me  to  rectify,  two  years  since, 
this  old  error  of  the  existence  of  molasses  already  formed  in  the 
cane  itself;  an  error  which,  without  doubt,  has  caused  and  will 
still  cause  immense  injury  in  the  manufacture  of  sugar,  by  per- 
suading manufacturers  that  the  usual  formation  of  molasses  de- 
fiends  upon  the  nature  of  the  cane  itself;  whereas,  it  depends  at 
east  in  great  part,  solely  upon  the  imperfect  processes  which  they 
employ. 

By  subjecting  to  analysis  the  juice  which  was  sent  to  me  from 
Martinique,  and  of  which  the  state  of  preservation  was  due  to  the 
method  of  Appert,  very  well  performed  by  M.  P^raud,  I  found 
*that  that  liquid,  the  density  of  which  was  1.088,  yielded  by  sim- 
ple evaporation  a  solid  mass  composed  entirely  of  sugar;  I  esti- 
mated the  weight  oi  the  jesidue  at  21.3  per  ceat,  and  that  of  the 
sugar  which  it  contained  at  20.9  per  cent. 

Most  chemists  have  regarded  this  result  as  sufficient  to  establish 
the  non-existence  of  liquid  sugaf  in  the  cane;  the  analysis  of  the 
same  juice  was  repeated  by  M.  P^Iouze,  who  arrived  at  precisely 
similar  results;  it  was  likewise  verified  by  Mr.  Biot. 

This  celebrated  academician,  availing  himself  of  his  own  beau- 
tiful discoveries  relative  to  the  actions  which  solutions  of  certain 
organic  substances  exert  upon  polarized  light,  found  that  the  cane 
juice  which  I  analyzed  produced  an  eflfect,  such  "that  it  is  exactly 
that  which  would  be  produced  by  an  aqueous  solution  of  crystal- 
lized cane  sugar,  containing  the  proportion  of  20.2  per  cent,  by 
weight  of  that  sugar."  • 

*'This  physical  proof,  adds  M.  Biot,  therefore,  confirms  the 
analysis  of  M.  P^ligot,  and  with  greater  probability,  because  it  is 
calculated  from  determinations  entirely  independent  of  his;  and  the 
result  which  it  has  given  is  a  necessary  consequence  of  that  which 
he  obtained;  besides  I  should  not  have  invited  the  attention  of  the 
academy  to  it,  if  it  had  not  offered  an  occasion  to  show  what  ser- 
vices this  kind  of  physical  observations  so  easily  made,  can  render 
to  the  colonists  and  to  sugar  refiners.''* 


•  Comptes  rendos  dei  Stances  de  PAoad^mie  des  Science  j  t.  10^  p  264. 
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Moredver,  subseqaently  to  these  publications,  M.  Plagne,  {phfir- 
macien  en  chef  of  the  navy  at  Brest,)  entrusted  in  1826  by  the 
minister  of  the  nayy,  with  a  mission  to  the  West  Indies,  having 
for  its  principal  object  the  improvement  of  the  manufacture  of 
sugar  in  the  colonies,  made  known  that,  in  the  part  of  his  report 
which  relates  to  the  analysis  of  cane  juice,  he  demonstrated  that 
it  contains  more  than  20  per  cent,  of  crystallizable  sugar,  and  that 
the  quantity  of  molasses  or  liquid  sugar  in  it  is  almost  inappreciable. 

The  account  of  the  labors  of  M.  Plagne  was  not  published  un- 
til May,  1840.  It  is  to  be  regretted  that  this  chemist  did  not  make 
known  much  sooner  the  facts  which  he  observed;  those  facts  are, 
in  my  opinion,  important;  the  researches  which  I  have  made,  and 
which  I  assuredly  would  not  have  undertaken,  if  they  had  been 
known,  accord  entirely  with  the  results  obtained  fifteen  years  ago 
by  M.  Plagne. 

Lastly,  M.  Hervy,  a  promising  young  chemist,  whose  life-  was 
destroyed  by  a  horrible  accident  in  the  midst  of  scientific  labours^ 
for  which  he  was  already  distinguished,  has  left  some  observations 
on  the  analysis  of  the  sugar  cane,  which  are  full  of  interest. — 
They  were  published  in  the  first  number  of  the  Journal  de  Pkar- 
fnacie  of  the  year  1841. 

The  canes  which  served  for  the  experiments  of  M.  Hervy  grew 
either  in  the  hot-houses  of  the  royal  domain  of  Neuilly,  or  in  the 
botanical  garden  of  Bordeaux;  they  were  cut  into  thin  slices,  and 
dried  by  gentle  heat.  By  treating  them  with  cold  alcohol  of  95 
per  cent.,  M.  Hervy  separated  from  them  3  per  cent,  of  a  deli- 
quescent substance,  neither  saccharine  nor  saline  ip  its  nature, 
from  which  sulphuric  ether  separated  a  small  quantity  of  wax;  the 
residue,  digested  in  boiling  alcoboU  yielded  only  crystallizable 
sugar.     « 

*'  We  may,  therefore,  assert,''  says  M.  Hervy,  "  1st,  that  there  is 
no  uncrystallizable  sugar  pre-existent  in  the  sugar-cane;  2d,  that 
the  salts  act  upon  the  crystallizable  sugar  so  91s  to  produce  the  mo- 
lasses; and  that  this  action  does  not  occur  during  vegetation,  bat 
by  means  of  the  manipulations.'' 

Hence,  that  mol.asses  does  not  exist  in  the  cane  seems  to  be  an 
established  fact,  definitively  settled  in  science  and  in  the  sugar  in- 
dustry; nevertheless,  the  old  ideas  upon  this  pre-existence,  so  con- 
venient to  be  invoked  in  order  to  justify  bad  processes  of  manufiic- 
ture,  have  acquired  such  dominion,  that  they  still  govern  many  of 
the  colonists.  M.  Guignod,  for  example,  contends*  that  dried 
canes  contain,  for  1,000  parts  of  sugar,  540  of  molassen  in  a  dry 
state;  and,  relyine  upon  the  tables  of  Du'trone  Lacouture,  to  de- 
termine from  the  density  of  juice  the  quantity  of  sugar  and  of  mo- 
lasses  it  contains,  he  rejects  as  dangerous  and  altogether  errone- 
ous the  experiments  which  I  have  published. 

The  preceding  exposition  renders  it  unnecessary  for  me  to  notice 
particularly  the  reasons  which  M.  Guignod  adduces   to  prove  that 


*  Jnnala  dt  la  SocUte  d^Jgriculture,de  la  Martinique,  Aprils  1840,  page  237. 
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those  experiments,  according  to  him  inaccuriTte,  can  but  do  injarj 
to  the  interests  of  the  colonies,  in  which  the  mode  of  manufacture, 
in  bis  opinion,  leaves  but  little  to  be  desired.*  ' 

I  have  determined  by  means  of  the  unaltered  juice,  with  one  por- 
tion, the  quantity  of  matter  foreign  to  the  sugar,  and  which  is  pre- 
cipitated by  the  subacetate  of  lead;  and  with  another  portion,  that 
of  the  fixed  products  contained  in  the  liquid. 

By  treating  a  certain  quantity  of  jui(;e  with  the  subacetate,  dry- 
ing the  greenish  white  precipitate  thus  obtained,  then  weighing  it 
and  incinerating  it,  so  as  to  destroy  the  organic  or  volatile  matter 
contained  in  it,  I  found  that  the  quantity  of  the  latter  was  from  3 
to  6  per  1000  of  juice.  The  juice  of  the  beet  contains  from  15  to 
25  per  1000  of  these  same  substances. 

The  fixed  substances  in  cane  juice,  which  consist  pf  silica,*  com- 
mon salt,  the  sulphates  of  lime  and  potash,  etc.,  were  obtained  by 
incinerating. the  residue  left  by  the  evaporated  liquid;  their  weight 
varied  from  15  to  20  per  1000  of  juice. 

These  several  results  accord. with  those  which  I  have  given  in 
my  memoir  on  the  analysis  of  the  cane  juice  of  Martinique. 

I  have  made  a  careful  examination  of  the  dried  cane  which  was 
in  a  state  of  perfect  preservation;  the  descriptive  account  of  the 
substances,  which  terminates  the  first  report,  gives  their  origin,  their 
mode  of  preparation,  and  the  quantity  of  water  lost  by  them  when 
subjected  to  a  gentle  desiccation. 

I  have  analysed  them  by  digesting  a  definite  weight  of  cane  in 
water  until  the  soluble  substances  were  completely  dissolved.  The 
aqueous  product  was  subsequently  analyzed  separately;  the  insolu- 
ble matter  being  well  dried,  furnished  by  its  weight  the  proportion 
of  wootfy  fibre. 

As  it  had  been  impossible  for  M.  Dupuy  to  obtain  on  the  spot  a 
complete  desiccation,  which  is  with  difficulty  attained  without  such 


•  Among  the  numoroas  complaints  which  M.  Guignod  makes  ajfainst  my  work,  is  the  fol- 
lowinor  : 

:  *•  It  is  stated  that  the  juice  received  hy  M.  Peligot  indicated  from  12®  to  13®  Baum^.  It 
is  very  vacrue  to  say  12°  or  13°;  the  juice  marked  12°,  or  \2\° ^  or  13®,  for  a  degree  makes 
a  considerable  difference  in  the  proportion  of  sugar,"  etc. 

It  is  to  be  regretted  that  M.  Guignod,  before  publishing  his  criticisms  upon  my  work,  did 
not  read  it  attentively  j  for  ho  would  have  found,  on  page  13,  the  words  :  "  The  density  of 
this  juice,  taken  precisely,  is  I.08S,  ihc  density  of  water  being  1  OOC.  It  indicates  ll®.8  of 
Baum^'s  hydrometer."  M.  Guignod  adds, •*•  that  juioe  of  12°  is  very  rare,  that  11°  is  not 
very  common,  and  that  it  can  ojily  lo  considered  to  have  10°  as  a  mean  density." 

Thfs  remark  is  certainly  correct  j  but  M.  Guignod  should  have  reflected,  at  the  same 
time,  that  my  juice  was  of  the  temperature  of  the  air,  which,  when  it  is  temperate,  is  lower 
in  France  by  10°  or  15°  ihan  in  Martinique  ;  so  that  this  difference  of  temperature  causes 
the  juice,  for  equal  degrees  of  the  hydrometer  in  the  two  countries,  to  contain  ditferent  quan- 
tities of  sugar.  Thus,  I  found  that  the  unaltered  specimens  of  juice,  which  I  received  Irom 
M.  Dupuy,  presented  an  increment  of  more  than  one  degree  of  Baumd'g  hydrometer  above 
the  degree  indicated,  with  the  temperature,  in  the  memorandum  which  accompanied  them. 
The  bottles  of  juice  sent  from  Martinique  indicated  generally,  according  to  M.  Dupuy,  from 
9^  to  10°  Baume,  the  temperature  l>eing  from  2^^  to  30°  cent.j  the  same,  at  20°  centig., 
with  the  same  instrument  indicated  10°  to  11°,  Baum6.  A  juice  from  canes  and  second  rat- 
toons,  for  example,  was  found  by  M  Dupuy  lo  be  of  the  density  10°  Baifini),  at  the  tempera- 
ture of  2!)°  ccntig.j  I  lound  11°  at  20*^,  or  1.081  exactly  for  its  density.  For  another  which 
indicated  10°. 5  Baumt^,  at  the  temperature  of  27°  centig.,  I  obtained  ll'^.S  Baum^  at  17* 
cent.,  and  1.089  for  its  exact  density. 
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apparatus  for  drying  as  our  laboratories  are  provided  with,  I  found 
it  necessary  to- commence  with  the  determination  of  the  amount  of 
water  which  each  specimen  still  lost  by  expos\)re  to.  the  tempera- 
ture of  60^  to  80^  centigrade,  in  a  stove,  until  its  weight  became 
stationary.  To  ascertain  the  total  quantity  of  water  contained  in  the 
canes,  this  new  loss  is  added  to  that  which,  had  already  taken  place 
in  Guadaloupe. 

The  following  are  the  results  of  the  ana\yses  : 

No.  17.  Plant  Cane.  (First  growth.)  Cut  up  and  dried  for  24  hours 
by  means  of  a  temperature  from  €0^  to  80^  centigrade.'  (140°  to 
175°  Fahrenheit.)  One  kilogramme  left  by  desiccation  in  Guada- 
loupe, a  residue  of  279  gr.,  or  27  per  cent.  100  parts  of  this 
dried  cane  lost  anew  3.3  of  water.  It,  therefore,  contained  73.9 
of  water,  and  26.1  of  solid  matter,  composed  of  sugar,  woody  fibre, 
«and  salts.  3.132  gr.  of  this  cane  of  27  per  cent,  dry  residue,  left 
1.03  of  stove-dried  woody  fibre.  Whence  it  follows  that  when  fresh 
this  cane  was  composed  of: 

Water 73\9 

Soluble  matter 17.2 

Woody  fibre 8.9 

100.0 

No.  18.  First  rattoons.    (Second  growth.)     Cift  up  and  dried  as 

above.     One  kilogramme   left,  at  Guadeloupe,  290  gr.,  or   29  per 

'  cent.     By  renewed  desiccation,  this   quantity   became   reduced  to 

28.3.    3.041  gr.  of  this  cane  of  29  per  cent,  left,  by  washing,  1.113 

of  woody  fibre  when  dried.     Which  gives: 

Water 71.7 

Soluble  matter ' 17.8 

.    Woody  fibre 10.5 

100.0 

No.  19.  Second  rattoons.  (Third  growth.)  Cut  up  and' dried  as 
above.  The  residue  of  the  desiccation  in  Guadaloupe  was  29  per 
cent.;  it  became  equal  to  26.4.     By  washing  this  cane  I  obtained: 

Water 71.6 

Soluble  matter » 16.4 

Woody  fibre 12.0 

100.0 

No.  20.  Third  rattoons.  (Fourth  growth.)  The  desiccation  in 
Guadaloupe  left  29.3  per  cent.  This  residue,  dried  again,  was  re- 
duced to  27.9,  and  gave: 

Water 73.0 

Soluble  matter '. ..     16.8 

Woody  fibre..... 10.2 

"100.0 
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No.  21.  Knots  of  the  cone.  Cut  and  dried  by  themselTes.  The 
residue,  at  Guadaloupe,  was  29.4  per  cent.;  it  also  became  29.2. 
These  yielded: 

Water,.! !....     70.8 

Soluble  matter, • 12.0 

Woody  fibre, 17.2 

100.0 

No.  22.  Canes  of  8  months.  The  residue  in  Quadaloupe  was 
28.6  per  c^nt.;  it  became  26.1,  and  gave: 

Water, 73.9 

Soluble  matter, .;....     18.2 

Woody   fibre, 7.9 

100.0 

No.  23*  Canes  of  10  months.  The  residue,  which  was  29  at  Qua- 
daloupe, reduced  to  27.7  per  cent.  These  canes,  when  fresh,  were 
composed  of: 

Water, 72.3 

Soluble  matter, 18.5 

Woody  fibre, 9.2 

100.0 

No.  24.  Inferior  part  of  the  cane.  The  residue  was  28.8  per 
cent,  at  first,  and  reduced  to  26.3.     This  part  of  the  cane  contained: 

Water, 73.7 

Soluble  matter, • 15  5 

Woody  fibre, 10.8 

100.0 

No.  26.  Middle  portion  of  the  cane.  The  residue  was  28.6.  It 
became  27.4.     This  part  of  the  cane  contained: 

Water, 72.8 

Soluble  matter, 16.5 

Woody  fibre, 10.9 

ipo.o 

No.  26.  Superior  part  of  the  cane.  The  residue  was  28.2  per 
cent.     It  reduced  to  27.2.     This  part  contained: 

Water, 72  8 

Soluble  matter, 15.5 

Woody  fibre, 11.7 

100.0 
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By  treating  these  specimens  of  cane  with  alcohol  and  with  water, 
I  ascertained  that  almost  all  the  soluble  matter  which  they  con- 
tained was  cry;stallizable  sugar.  i 

I  also  establishe<i  the  existence  of  the  deliquescent  matter  of  M. 
Hervy.  This  matter  dissolves  in  very  strong  alcohol  without  heat; 
but  it  was  impossible  for  me  to  determine  the  exact  quantity,  be- 
cause a  small  quantity  of  sugar  always  dissolves  at  the  same  time, 
however  concentrated  the  alcohol  may  be.  M,  Hervy  says  that  he 
extracted  from  dried  cane  3  per  cent,  of  deliquescent  matter.  This 
quantity  is  certainly  excfssive:  in  the  first  place,  M;  Hervy  believ- 
ing that  the  cane  was  dried  in  15  minutes  by  a.  temperature  of  60 
degrees  centinrrade,  does  not  seem  to  have  been  sufficiently  aware 
of  the  difficulty  of  absolute  desiccation;  then,  having  treated  the 
cane  with  alcohol  of  95  per  cent.,  it  is  impossible  that  a  small  quan- 
tity of  sugar  should  not  have  been  dissolved,  although  his  delique- 
scent matter  was  without  a  saccharine  taste. 

It  appears,  by  comparing  the  analyses  which  I  have  just  enume- 
rated,  that  they  differ  very  little  from  each  other.  The  plant  canes 
and  rattoons  offer  nearly  the  same  composition. 

The  canes  of  10  months  contain  nearly  one  per  cent,  moie  of 
woody  fibre  than  those  of  8  months:  they  seem  also  to  contain  a 
little  more  sugar. 

The  knots  contain  much  more  woody  matter  than  the  other  parts 
of  the  cane.  This  result  was  certainly  to  have  been  expected;  but 
what  was  not  anticipated,  the  proportion  of  water  contained  in  those 
knots  is  the  seme  as  that  in  the  other  portions,  so  that  the  differ- 
ence falls  wholly  upon  the  sugar.  The  juice  obtained  by  crushing 
these  knots  should  be  considerably  poorer  in  saccharine  matter  than 
the  ordinary  juice. 

The  comparative  analysis  of  the  cane  cut  into  three  portions 
should  be  of  interest^  The  results  which  I  have  obtained  prove 
that  the  differences  in  the  proportion  of  sugar  are  so  small  that 
they  may  depend  on  errors  inherent  in  the  indirect  method  which  I 
employed.  Those  differences  can  only  be  determined  with  certainty 
by  analyses  made  on  the  spot  by  an  experienced  chemist. 

These  results  collectively  lead  to  the  conclusion,  that  the  mean 
composition  of  the  cane  is  at  present  known;  they  fully  establish 
the  fact  that  the  gummy,  mucilaginous  and  other  substances,  which 
were  supposed  to  be  contained  in  that  plant,  do  not  exist,  any 
more  than  uncrystallizable  sugar. 

I  will  now  allude  to  several  questions  important  in  many  respcts, 
which  are  connected  with  the  results  which  I  have  established. 

Molasses  does  not  pre-exist  in  the  cane — that  is  now  certain;  what 
is  the  source,  then,  of  that  which  is  always  obtained  in  the  extrac- 
tion of  its  sugar?  and  what  are  the  means  to  be  employed,  if  not 
to  avoid  its  production  entirely,  at  least  to  diminish  the  proportion? 

I  do  not  believe  that  any  chemist  or  manufacturer  can  at  present 
answer  these  questions  in  a  manner  entirely  satisfactory;  neverthe- 
less, it  must  be  admitted  that,  within  a  few  years,  they  have  been 
greatly  elucidated  by  direct  experiments,  aud  by  reasoning  and 
analogy. 
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I  think  it*tbe  more  useful  iq  discuss  them  somewhat  fully  here^ 
because  they  concern  not  only  the  manufacturer  but  even  the  colo- 
nial culture;  and  because  the  considerations  which  I  may  submit 
upon  this  subject,  though  they  will  not  be  new  to  every  one,  yet 
seem  not  to  have  attracted  hitherto  the  attention  of  the  persons 
who  are  the  most  interested  in  their  proper  appreciation. 

If  the  chemical  composition  of  the  cane  is  not  constant;  if  it 
varies  with  the  age  of  the  plant,  with  the  nature  of  the  soil,  and 
particularly  with  the  influences  of  climate  which  have  attended  its 
germination  and  development,  the  proportions  of  sugar  and  of  mo- 
lasses obtained  in  the  manufacturing  operations  varies  in  turn  be- 
tween much  more  extended  limits. 

Thus  it  results  from  information  gathered  by  M.  Dupuy,  in  Gan- 
daloupe,  and  set  forth  in  the  first  part  of  his  report,  that  in  making 
100  parts  of  sugar  of  ordinary  qualities  in  that  colony,  from  30  to 
60  parts  of  molasses  are  obtained.  M.  Guignod  says  that  100  parts 
of  juice  of  the  colonial  density  11®  Baum6  can  yield  by  careful 
working  17.5  of  first  and  second  sugars,  which  supposes  a  produc- 
tion of  a  residue  of  25  per  cent,  nearly  of  molasses;  lastly,  I  am 
informed  by  M.  Vincent,  ^  very  skilful  sugar  manufacturer  from 
Sourbon,  that  by  using  bone  black  and  a  vacuum  pan  for  concen- 
trating the  syrups,  the  molasses  is  reduced  almost  to  nothifag. 

These  differences  obtained  with  canes  which  are  nearly  of  the  same 
saccharine  richness,  show  that  the  processes  of  extraction  exert  a 
very  variable  influence  upon  the  production  of  the  molasses;  they 
also  prove  in  iheir  turn  that  it  is  not  already  formed  in  the  cane, 
but  that  it  results  from  the  destruction  of  a  quantity  of  sugar 
which  is  evidently  equal  to  the  weight  of  molasses  produced. 

Among  the  causes  of  this  incontestable  destruction,  some  may 
be  avoided  at  least  in  part;  others  must  continue  to  exert  their  evil 
influence,  because  they  depend  less  upon  the  processes  of  working 
than  upon  the  nature  of  the  cane  and  of  the  sirgar  derived  from  it. 

I  will  point  out  and  discuss  successively  these  various  causes: 

I.-^-The  viscous  fermentation. 

When  cane  juice  is  left  to  itself,  the  sugar  which  it  contains  is 
transformed  spontaneously  into  a  substance  which  is  not  sweet,  and 
which  renders  it  thick,  viscid  and  ropy  as  if  it  contained  gum. 
The  higher  the  temperature  of  the  atmosphere,  the  more  readily  is 
this  substance  developed;  the  longer  the  juice  remains  in  the  reser- 
voirs into  which  it  flows  from  the  mill,  the  greater  the  quantity 
produced. 

Its  formation  is  so  frequent  in  the  colonies  that  this  substance 
has  long  been  admitted  to  pre-exist  in  the  juice  in  its  sound  state. 
It  is  the  gum  which  authors  describe  as  existing  in  variable  pro- 
portions. 

The  properties  of  this  substance  aie  very  little  known.  I  have 
intended  to  make  it  shortly  the  subject  of  a  particular  investij^ation. 
It  is  known  only  that  it  is  insoluble  in  alcohol,  which  precipitates 
it  from  its  aqueous  solution  in  the  form  of  a  pearl  white  flexible 
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net,  vbich,  by  desiccation,  assumes  the  appearance  of  dry  kneaded 
c^rumb  of  bread.  Its  properties  and  elementary  composition  estab* 
lish  for  it  a  parentage  like  that  of  starch. 

I  have  ascertained,  by  aid  of  the  microscope,  that  its  formation 
takes  place  under  the  influence  of,  or  rather  in  the  presence  of  a 
substance  which  exists  in  very  small  globules  in  saccharine  juices 
which  are  not  acid,  and  renders  them  unsettled;  also,  when  the 
juice  has  been  defecated  with  bone  black  it  becomes  incapable  of 
undergoing  this  peculiar  fermentation  as  rapidly. 

This  substance  is  injurious  for  several  reasons.  It  is  formed  at 
the  expense  of  a  certain  quantity  of  sugar;  it  renders  the  eyapora« 
tion  pf  the  syrup  difiicult.  When  the  concentration  is  finished,  it 
hinders  the  crystallization  of  part  of  the  sugar  which  has  not  been 
destroyed.  Lastly:  at  the  same  time  that  it  is  formed  it  determines 
or  precedes  the  production  of  an*acid,  which,  in  turn,  contributes 
probably  to  the  destruction  of  another  portion  of  sugar. 

We  can  prevent  its  formation  by  heating  the  juice,  or  by  defe- 
cating it  immediately  after  its  extractioo,  the  action  of  the  sub- 
stance, which  plays  the  part  of  a  ferment,  being  destroyed  at  the 
temperature  of  boiling  water.  It  is  possible  that  the  same  end 
might  be  accomplished  by  passing  the  juice  through  bone  black  as 
it  flows  from  the  mill.  When  once  rendered  limpid,  by  this  or  any 
other  method,  it  will  keep  much  longer  without  alteration. 

One  of  the  advantages  of  the  process  of  maceration,  which  I 
have  discussed,  would  be  the  more  ready  avoidance  of  this  viscous 
fermentation; 

II. — The  employment  of  too  high  a  temperature  in  the  concentration 

of  the  juice. 

This  cause  of  alteration  is  so  well  known  that  it  is  unnecessary 
to  dwell  upon  it. 

It  is  known  that,  in  pans  exposed  to  the  direct  action  of  the  fire, 
it  often  happens  that  the  juice  is  heated  to  a  temperature  so  high 
that  a  qus^ntlty  of  the  sugar  is  converted  into  a  brown  uncrystal- 
lizable  substance,  called  caramel^  which  is  deliquescent.  The  ex- 
istence  of  caramel  in  the  strike  prevents  the  crystallization  of  part 
ef  the  sugar,  and  thus  produces  an  additional  quantity  of  syrup  or 
molasses. 

Nobody  doubts,  at  this  day,  that  those  pans  in  which  the  strike 
cannot  be  caramelized  furnish  a  more  abundant,  drier,  and  less  col- 
ored sugar.  Apart  from  the  inconvenience  which  their  high  cost 
and  expensive  repairs  occasion,  vacuum  pans  seem  to  unite  the  con- 
ditions best  adapted  to  the  concentration  of  syrups,  since  evapora- 
tion is  performed  in  them  rapidly,  and  at  a  temp(frature  inferior  to 
100°  centigrade,  (212°  Fahrenheit.) 

III. — Excessive  acidity  or  alkalinity  of  the  juice. 

Cane  juice  becomes,  under  circumstances  not  very  well  known, 
strongly  acid,  while  it  is  nearly  neutral  in  the  fresh  and  healthy 
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caD«;  this  acidity  is  dae  to  acetic  and   lactic  acids,  vbich  form 
during  this  alteration. 

In  my  opinion,  the  action  of  those  acids  has  been  badly  under- 
stood. It  is  believed  that  they  cause  the  transformation  of  cane 
sugar  into  fruit  sugar — into  glucose;  a  variety  of  sugar  which  is 
known  to  be  uncrystallizable  when  it  contains  a  small  quantity  of 
foreign  matter.  Doubtless,  if  the  acetic  and  lactic  acids  were  more 
energetic  it  would  be  thus;  but  direct  experiment  proves  that  when 
they  are  brought  into  contact  with  a  pure  solution  of  sugar,  even 
for  a  considerable  length  of  time,  they  do  not  cause  it  to  undergo 
any  change.  The  direct  action  of  those  acids  is  not,  therefore,  to 
be  feared;  what  should  be  dreaded  is  thtrir  formation  itself,  because 
it  indicates  always  a  previous  change  in  the  juice. 

It  is  known,  indeed,  that  as  soon  as  a  syrup  commences  to  un- 
<Iergo  alcoholic  fermentation,  its  sugar,  before  being  changed  into 
carbonic  acid  and  alcohol,  first  suffers  profound  modification:  it 
becomes  fruit  sugar,  and  ceases  to  be  crystallizable;  the  alcdhol 
afterwards  forms;  this  substance  is  transformed  in  turn,  under  the 
oxidizing  influence  of  the  air,  into  acetic  acid;  so  that  that  acid 
succeeds,  indicates,  but  does  not  determine  the  formation  of  the 
molasses,  which  is  due  chiefly  to  the  existence  of  fruit  sugar. 

Moreover,  it  does  not  appear  that  alcoholic  fermentation  occurs 
ordinarily  in  cane  juice,  which  is,  on  the  contrary,  very  subject  to 
viscous  lermentation,  as  we  have  already  stated.  The  latter  is  at- 
tended or  followed  by  a  certain  quantity  of  lactic  acid,  which  is 
produced,  as  well  as  the  viscid  matter,  at  the  expense  of  the  sugar. 
Recent  researches  authorize  the  following  views  upon  this  subject: 

The  analysis  of  nitrogenous  substances  has  shown  that  those 
%vhich  abound  in  animals,  such  as  albumen,  fibrin,  caseum,  are  iden- 
tical ^vith  those  found  in  much  less  quantity  in  v<'getables;  thus  the 
nitrogenous  substance,  called  vegetable  albumen,  which  exists  in 
the  cane,  and  especially  in  the  beet,  seems  to  have  all  the  charac- 
ters 0^  the  caseous  substance  of  the  milk  of  animals. 

Again:  The  experiments  of  M.  Th6nard,  toj^ether  with  those  of 
MM.  Boutron  and  Fi6my,  have  shown  that  when  an  animal  sub- 
stance in  spontaneous  decomposition  is  brought  into  contact  with 
neutral  vegetable  substances,  such  as  sugar,  gum,  starch,  etc.,  it 
transforms  them  into  lactic  acid;  it  is  thus  that  the  caseum  acts 
upon  the  sugar  of  milk;  and  thus  that  cane  sugar,  in  contact  with 
animal  membrane,  is  converted  into  lactic  acid. 

Now,  since  the  identity  of  the  nitrogenous  substances  of  the 
vegetable  and  animal  kingdoms  seems  to  be  demonstrated,  and  since 
cane  juice  contains  caseum,  it  is  probable  that  it  is  the  spontaneous 
decomposition  or  putrefaction  of  that  substance  which  produces  the 
lactic  fermentation,  and  likewise  the  viscous  fermentation. 

But  whatever  may  be  the  case  in  relation  to  this  subject,  it  is 
certain  that  the  dosing  of  cane  juice  with  lime  preserves  it,  at 
least  for  some  time,  from  those  alterations. 

The  action  of  lime  upon  saccharine  juices  offers  different  phases, 
to  which  it  may  be  useful  to  call  attention;  for  there  are  also  seve- 
ral dangers  in  connexion  therewith  which  should  be  avoided. 
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In  the  first  place,  a  difference  should  be  established  between  the 
efifects  of  defecation  of  cane  juice  and  those  of  the  same  operation 
upon  beet  juice.  For  the  latter,  defecation  is  indispensable — the 
lime  separates  from  it  a  large  proportion  of  foreign  substances, 
which,  as  long  as  they  are  unitea  with'  it,  prerents  the  crystalliza- 
tion of  its  sugar  entirely.  For  cane  juice,  defecation  is  useful— it  is 
even  necessary,  but  not  in  the  same  degree,  nor  to  the  same  extent: 
for  the  foreign  matter* which  exists  in  this  liquid  is  in  such  small 
proportion  that  all  its  sugar  may  be  obtained  in  a  crystalline  state, 
without  the  intervention  of  lime.  I  have  demonstrated  these  facts 
in  former  works. 

I  am  convinced  that,  if  cane  juice  could  be  worked  withoit  hav- 
ing already  undergone,  and  without  its  being  possible  for  it  to  un- 
dergo any  alteration,  its  defecation  would  be  unnecessary;  for  the 
principal  object  thereof  is  to  assure  its  good  keeping,  or  most  fre- 
quently to  arrest  and  limit  the  spontaneous  modifications  which  it 
experiences. 

It  is,  moreover,  chiefly  in  clarifying  the  cane  juice,  in  order  to 
free  it  of  substances  which  render  it  turbid,  and  act  subsec^uently 
as  agents  of  fermentation,  that  defecation  is  useful;  it  \s  equivalent 
to  a  rapid  filtration;  it  does  not  separate  completely  the  nitroge- 
nous substance  which  produces  viscous  fermentation,  for  the  defe- 
cated juice  becomes  thick  when  it  has  been  kept  some  days;  but  it 
retards  its  action,  especially  because  it  renders  it  necessary  to  heat 
the  liquid,  and  frequently  even  to  boiling. 

When  cane  juice  contains  considerable  quantities  of  free  acid, 
ILme,  in  saturating  them,  introduces  uncrystallizable  salts,  which 
keep  a  portion  of  sugar  in  the  liquid  state;  this,  without  doubt,  is 
the  cause  to  which  the  large  proportion  of  molasses  is  to  be  es- 
cribed. 

If  the  juice  has  commenced  to  suffer  alcoholic  fermentation,  the 
defecation  acts  in  a  different  manner;  it  causes,  at  the  same  time, 
new  advantages  and  new  disadvantages;  it  saturates  the  carbonic 
acid;  it  combines  with  the  glucose  (fruit  sugar)  which  accompanies 
or  precedes  the  formation  of  that  acid;  then  this  combination  suf- 
fers almost  immediate  destruction,  the  glucose  becoming  an  acid 
(glucic  acid)  under  the  influence  of  the  lime.  The  action  does  not 
stop  with  the  formation  of  glucate  of  lime;  for  that  salt  is  trans- 
formed into  another,  which  is  of  a  dark  brown  color — the  molassate 
of  lime — and  which  constitutes,  together  with  caramel,  the  color- 
ing principle  of  brown  sugars  and  of  molasses. 

Hence  it  would  seem  that  the  use  of  lime  in  large  quantity  is  not 
as  advantageous  as  it  is  thought,  when  altered  saccharine  juices  are 
worked;  but  the  daily  practice  seems  to  demonstrate  the  contrary. 
It  is  well  known  that,  in  the  beet  sugar  manufacture,  more  lime  is 
used  at  the  close  of  the  season  than  at  its  commencement;  it  is  also 
known  that  the  products  then  obtained  are  always  less  abundant 
and  much  more  colored. 

We  may  form  some  idea  of  the  advantage  which  is  obtained  by 
increasing  the  proportion  of  lime,  when  the  juice  has  suffered  alte- 
ration, by  considering  the  fact  that  glt^cate  and  molassate  of  lime 
37 
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are  more  fluid  in  concentrated  syrup  than  glucose  itself,  so  thit 
the  destruction  of  the  latter  becomes  preferable  to  its  preservation, 
because  it  offers  opposition  by  its  viscid  consistence  to  the  crystal- 
lization of  a  largt-r  proportion  of  sugar. 

I  have  established  by  direct  experiments  that  molasses  always 
contains  much  of  the  two  calcareous  salts,  the  formation  of  whick 
I  have  just  explained. 

Defecated  juices  should  be  as  neutral  as  possible.  As  this  neu* 
trality  cannot  be  obtained  in  practice,  they  are  very  slightly  aJtt- 
line  when  properly  performed.  This  excess  of  lime  produces 
^lucate  of  lime,  if  the  juice  is  altered,  and  saccharate  ofh'me,  ifit 
be  sound.  The  latter  salt  is  uncrystallizable — it  coagulates  by 
heat;  when  it  exists  in  sufficiently  large  proportion  in  concentrated 
juice,  it  renders  evaporation  sluegish  and  difficult.  It  also  con- 
tributes to  prevent  the  rrystallization  of  a  portion  of  sugar. 

Lime  employed  in  excess  should  be  particularly  injurious  ia  flie 

colonial  sugar  bouses,  where  animal  black  is   net  employed;  forit 

*  should  be  understood  that  it  is   by  absorbing  any  excess  of  lime, 

much  more  than  by  decolorization,  that  bone  black  has  become  so 

powerful  an  auxiliary  in  the  manufacture  of  beet   and  cane  Eugar. 

There  is  another  inconvenience  arising  from  the  use  of  lime,  at 
least  in  some  localities:  it  is  the  production  of  a  calcareous  crust 
on  the  inside  of  the  evaporating  pans. 

Mr.  Avequin,  in  a  recent  article,  has  called  attention  to  the  for- 
mation of  ihi*  cat  (the  name  by  which  that  crust  is  designated)  in 
the  inaniif.».<  tnn*  ct"  sugar  in  Louisiana,  where  he  resides. 

Ac{nnlinij  to  .Mr.  Avtcjuin,  several  days  working  are  sufficient  to 
tause  tliO  loiination  rf  a  rrust  in  the  sugar  pans,  which  adhere?  to 
thtm  tlif  mori*  strongly  tlie  longer  they  are  used  without  cleaning. 
This  ral  hindtT-*  or  ret.iiih  tiie  ebullition  of  the  juice,  for  it  con- 
ducts heat  very  badly.  Its  cracking  during  the  work  manifests 
it<elt  by  a  peiuliar  hissing  sound,  which  is  proiluced  in  the  pan. 
At  the  same  time  the  saccharine  liquid  infuses  itself  between  the 
tru>t  and  the  r-an,  whiv.ii,  bi  ing  coateii  with  a  non-conducting  sub- 
stance, beconu'S  muiii  hotttr  tnan  tijt-  liquid,  and  pulfs  of  white 
vapor  appear  in  consequence  of  t  e  (it-composition  of  a  portion  of 
sugar. 

To  remove  the  cai  from  a  p^n,  the  sugar  makers  are  obliged  to 
heat  it  to  redness,  to  burn  it,  as  they  say.  The  irust  is  carbonized, 
and  detaches  itself  in  larg**  flakes,  which  are  sometimes,  says  Mr. 
Avequin,  iJ  or  S  centimetres  (2  or  3  inches)  thick.  The  cai  is  so 
hard  that  the  hammer  and  chisel  protluce  but  little  effect  upon  it. 

Mr.  Avequin  attributes  the  troublesome  formation  of  this  sub- 
stance to  the  biphosphate  of  lime,  which,  according  to  him,  exists 
in  very  large  quantity  in  the  cane;  but,  besides  that  this  assertion 
is  in  contradivtion  with  all  the  analyses  which  prove  that  the 
phosphate  of  lime  does  not  exist  in  greater  projiortion  in  this  plant 
than  in  the  saps  of  other  vegetables,  the  examination  which  he  has 
made  of  that  substance  (an  examination  which,  indeed,  leaves  much 
to  be  desired)  leads  to  a  conclusion  quite  different  from  his  own. 
For  Mr.  Avequin  found  that ,1,000  grammes  of  cal   yield,  by  suit- 
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able  incineratioD)  daring  which   much  inflammable  gas   escapes^ 
492  grammes  of  a  calcareous  residue;  and,  because   100  grammes 

i hereof  leave,  by  successive  treatment  with  nitric  acid  and  ammo- 
ia,  92  grammes  of  a  substance  which  seems  to  have  the  character 
of  phosphate  of  lime,  he  admits  that  the  formation  of  the  eal  is  due 
essentially  to  the  deposition  of  phosphate  of  lime  during  the  con- 
centration of  defecated  juice. 

From  this  analysis  itself  Pt  is  evident  that  the  cal  is  really  formed 
of  an  organic  substance,  which  exists  in  it  in  the  p/oportion  of  61 
per  cent.  This  substalfice  is  combined  with  the  lime,  and  is  mixed 
with  the  phosphate  of  lime. 

What  is  that  substance?  What  is  the  origin  of  that  large  pro- 
portion of  phosphate  of  limel  It  is  for  the  purpose  of  contributing 
to  the  solution  of  these  questions  that  I  have  related  the  experi- 
ments of  Mr.  Avequin.  Does  not,  for  example,  the  phosphate  of 
lime  proceed  from  the  use  in  defecation  of  lime  prepared  by  cal- 
cinins;  oyster  shells,  which,  as  is  known,  contain  a  large  proportion 
of  phosphate  of  lime?  Lime  of  such  a  nature  has  been,  I  am 
assured,  employed  in  some  places.  We  can  readily  understand 
how  such  lime,  if  put  into  acid  juice  in  insufficient  quantity  to  satu- 
rate it,  would  introduce  the  phosphate  of  lime.  Again,  does  not 
this  cal  contain  carbonate  of  lime,  which,  held  in  solution  by  the 
free  carbonic  acid  of  fermented  and  badly  defecated  juice,  would 
be  deposited  when  that  acid  is  driven  off  by  the  ebullition  of  the 
liquid,  as  occurs  with  those  kinds  of  water  which  are  called  en- 
crusting {incrustantesl) 

These  questions  being  settled,  it  will  doubtless  be  easy  to  pre- 
vent the  formation  of  an  accidental  substance  so  injurious  to  the 
manufacture  of  sugar. 

IV. — The  existence  of  mineral  salts  in  the  cane. 

The  salts  which  exist  in  solution  in  cane  juice  contribute  also  to 
the  formation  of  molasses.  Their  influence  is,' perhaps,  less  than 
that  of  the  causes  which  we  have  enumerated,  but  it  is  Assuredly 
more  difficult  to  avoid. 

Among  those  salts  is  common  salt,  which  forms,  by  combining 
with  sugar,  a  deliquescent  compound,  in  which  one  part  of  salt, 
united  with  six  parts  of  sugar  nearly,  renders  uncrystallizable  still 
another  portion  of  sugar.  We  may  estimate,  I  think,  at  from  10  to 
15  per  cent,  the  quantity  of  su^ar  which  1  or  2  per  cent,  of  soluble 
salts  would  hinder  from  crystallizing. 

Is  the  quantity  of  these  salts  proportional  to  that  of  the  sugar? 
This  question  is  of  high  importance,  and  the  elements  which  we 
now  possess  are  insufficient  for  its  solution.  The  comparative 
analysis  of  juices,  rich  and  poor,  in  sugar,  and  the  determination  of 
their  salts,  would  doubtless  Lead  to  its  solution. 

If,  as  is  infinitely  prob'^ble,  the  secretion  of  those  saline  com- 
pounds, which  are  the  same  in  the  cane  as  in  most  vegetable  juices, 
IS  independent  of  the  formation  of  the  sugar,  it  would  be  very  use- 
ful to  subject  the  manures  used  in  the  cultivation  of  that  plant  to 
a  careful   investigation.      It  is    essential,   indeed,  to    distinguish 
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among  plants  those  which  should  serve  directly  for  food  to  man  or 
animalsi  from  those  which  are  only  cultivated  because  they  elabo- 
rate products  which  are  to  be  subsequently  extracted  by  particular 
processes.  If  the  action  which  manures  exert  upon  the  develop-* 
ment  of  the  first  is  but  partially  known,  the  influence  of  the  same 
manures,  if  not  upon  the  quantity,  at  least  upon  the  quality  of  the 
second,  has  not  yet  been  sufficiently  studied.  Yet,  it  is  known  that 
the  most  energetic  manures  are  those  which  are  least  adapted  to 
beets  designed  for  sugar  making;  and  that  those  plants  appropriate 
and  assimilate,  with  astonishing  avidity,  all  the  salts  which  are 
contained  in  the  surrounding  soil.  I  have  analyzed,  for  instance, 
beets  which  grew  in  grounds  too  much  enriched  with  dung,  and 
found  them  to  contain  2  per  cent,  of  nitre.  By  digesting  them  in 
warm  dilute  alcohol,  after  drying  them,  that  salt  separated  in  crys- 
tals, before  the  sugar. 

It  is  probably  to  this  same  cause,  viz.,  the  presence  of  soluble 
^  salts  in  too  large  quantity  in  the  soil,  that  we  should  attribute  the 
*  ^difficulty  of  working  canes  which  grow  in  new  lands,  recently 
cleared  and  rendered  too  fertile  by  the  salts  furnished  by  the  inci- 
neration of  the  trees  which  covered  them.  Those  canes  present  a 
great  development,  a  luxuriant  vegetation,  but  yield  syrups  almost 
uncrystallizable. 

The  influence  of  unripe  canes  upon  the  quality  of  cane  juice — 
an  influence  which  the  colonists  agree  in  considering  most  perni- 
cious— should  probably  be  attributed  to  the  same  cause.  I  do  not 
think  that  we  should  admit  the  existence,  at  any  period  of  the 
growth  of  the  cane,  of  an  organic  substance  which  precedes  the 
formation  of  the  sugar,  and  which  diminishes  or  even  hinders,  by 
its  presence,  the  crystallization  of  the  latter.  The  existence  of 
such  a  substance  is  generally  believed  in  the  colonies,  where  they 
call  it  gum,  mucilage,  &c.;  but  it  is  almost  certain  that  the  forma- 
tion of  sugar  is  similar  in  the  cane  and  in  other  saccharine  plants, 
which  are  not  acid.  Some  years  since  I  ascertained  that,  at  all  pe- 
riiids  of  the  growth  of  the  beet,  sugar  exists  in  nearly  the  same 
pfoportions,  relatively  to  the  water  and  other  soluble  substances  in 
itj  so  that  in  very  small  beets,  of  the  thickness  of  a  goose  quill,  I 
found  a  juice  as  rich  in  sugar  as  that  of  much  larger  and  older 
beets.  It  is  not  until  the  beet  has  attained  its  full  growth,  and  its 
increase  has  ceased  for  some  time,  that  the  proportion  of  sugar  be- 
comes greatly  augmented. 

It  is  probable  that  the  same  thing  happrns  for  the  cane;  unripe 
canes  contain  always  crystallizable  sugar  only;  mucilage  does  not 
exist  in  it  at  any  period;  and  if  they  are  more  difficult  to  work,  if 
they  yield  less  sugar,  it  is  to  the  predominance  of  the  salts  which 
are  secreted  before  the  sugar  that  the  difficulties  and  losses  are  to 
be  attributed;  it  is  they  which  render  a  greater  proportion  of  sugar 
uncrystallizable. 

The  same  explanation  may  be  given  for  the  variations  observed, 
in  regard  to  the  taste,  in  different  parts  of  the  same  cane;  the  top 
offers  a  taste  less  sweet,  because   it  contains  more  saline   matter 
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than    the    inferior    portion,  •  which    is    more    advanced    towards 
maturity. 

If  these  conj^tures  are  well  founded,  a  careful  selection  of  the 
manures  to  be  used  should  always  be  made;  those  which  are  rich 
in  vegetable  matter,  of  easy  decomposition,  and  poor  in  mineral 
salts,  are  probably  the  best.  In  Ouadaloupe,  they  make  much  use 
of  a  manure  known  by  the  name  of  sea-filth,  {boue  de  mer,)  which 
collects,  in  quantities  more  or  less  considerable,  in  various  places 
upon  the  shore,  and  which  is  composed  of  an  argillaceous  earth 
mixed  with  shells  and  vegetable  matter  of  the  family  of  the  algse^ 
etc.  This  manure,  according  to  the  analysis  made  of  it  by  M.  Su- 
puy,  who  extols  its  efficacy,  contains,  when  dried,  2.5  per  cent,  of 
soluble  saline  matter,  in  which  common  salt  predominates.* 

It  is  not  to  be  doubted  that  this  manure  is  well  adapted  to  promote 
the  development  of  the  canes,  /or  long  experience  has  demonstra- 
ted it;  but  do  not  the  salts  which  it  contains  contribute  to  diminisb 
the  yield  of  the  juice  in  sugar,  so  that  with  a  manure  less  saline^ 
less  cane  would  perhaps  be  obtaiqed,  but  more  sugar  1  This  ques- 
tion is  one  which  it  would  be  useful  to  settle,  and  which  careful 
observations  by  the  colonists  would  determine.  Manure,  at  the 
same  time,  two  equal  fields  of  cane — one  with  this  boue  de  mer^  in 
the  ordinary  manner,  and  the  other  with  the  same  manure  washed 
with  rain  .water;  ascertain  the  weight  of  canes  and  of  sugar- 
yielded  by  each  of  these  fields,  taking  care  to  proceed  always  in 
the  same  manner;  assuredly,  this  is  an  experiment  which  can  be 
tried  without  much  expense  or  difficulty. 

Probably  the  advantages  produced  by  the  action  of  manures  in 
the  development  of  canes  are  somewhat  counterbalanced 'by  the 
inconvenience  they  cause  by  the  salts  which  they  introduce  into 
the  plant.  Certain  manures  of  very  doubtful  value,  in  view  of 
their  composition,  are  imported  from  Europe  at  great  expense. 
May  not  the  advantage  which  attends  their  employment  in  the  col- 
onies be  due  chiefly  to  their  inferior  efficacy? 

I  have  now  enumerated  the  principal  causes  which  tend  to  pro- 
duce molasses  *in  the  extraction  of  sugar.  If  the  last,  which  de- 
pends on  the  nature  of  the  cane  itself,  cannot  be  avoided,  at  least 
m  the  present  state  of  our  knowledge  concerning  the  formation  of 
vegetable  juices  and  the  rational  culture  of  plants,  the  others  may 
disappear  in  great  part  under  intelligent  management.  In  discuss- 
ing those  causes  I  have  not  had  the  pretension  to  sav  anything 
which  is  not  almost  admitted  by  the  chemists,  at  least  by  those  of 
them  who  have  occupied  themselves  with  these  questions.  But  it 
is  not  for  them  that  this  work  has  been  done;  if  it  should  receive 
any  publicity,  the  colonists,  whom  it  chiefly  concerns,  will  perhaps 
accord  to  me  credit  for  having  rendered  some  vague  points  of  their 
operations  more  precise,  and  for  starting  some  questions,  of  which 
the  solution,  which  they  can  determine,  interests  them  in  a  high 
degree. 

*  I  ha^e  foQod,  by  aa  analysis  of  this  manure,  that  it  contains  4  per  cent,  of  soluble  mftt* 
ter,  1.6  of  which  is  common  salt.    It  alto  contains  27  per  cent,  of  organic  sobstancet. 

£.  P. 
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This  discussion  of  facts,   either  pgobable  or  certain,  which  gire 
rise  to  the  production  of  molasses,  would  be  incomplete  if  I  were 
not  to  aild  to  it  some  reflections  upon  the  effects  whibh  that  substance  ' 
exerts  upon  the  crystallization  of  the  sugar. 

Although  it  be  very  evident  that  the  proportion  of  molasses  pro-, 
duced  in  the  manufacture  of  cane  sugar  is  now  much  too  great,  I 
am  far  from  pretending  that  the  production  of  that  residual  matter 
should  be  entirely  avoided.  I  even  believe  that  when  all  the  causes 
of  alteration  which  have  been  enumerated  above  should  be  over- 
come, the  sugar  would  not  be  produced  in  a  commercial  condition 
unless  a  certain  quantity  of  mother  liquor,  of  uncrystallizable  mo- 
lasses sugar,  were  (then  designedly)  formed. 

This  assertion  demands  some  development.  Sugar,  like  all  sub- 
stances susceptible  of  crystallization,  can  present  various  aspects, 
according  to  the  circumstances  under  which  it  solidifies.  If  its 
passage  from  the  liquid  to  the  solid  state  be  sudden  it  has  a  vitre- 
ous appearance,  like  that  of  barley  sugar;  if,  on  the  contrary,  that 
passage  be  verv  slow,  it  forms  prismatic  crystals,  which  are  trans- 
parent, and  as  large  as  those  of  rock. candy;  between  these  extremes 
there  are  intermediate  conditions. 

The  crystalline  appearance  of  commercial  sugar  can  be  obtained 
only  by  the  development  of  crystals  rapidly  and  freely  in  a  dense 
and  liquid  medium;  if  this  medium  itself  should  crystallize,  the 
mass  would  be  confused,  the  crystalline  grains  would  not  be  sepa- 
rate, and  the  sugar  thus  produced  would  oe  rejected  in  commerce, 
accustomed  as  men  are  to  estimate  the  nature  and  value  of  articles 
only  by  means  of  their  form. 

It  is,  therefore,  in  this  liquid  mass  that  commercial  sugar  is  and 
should  be  formed;  but  it  may  exist  without  being  deprived  of  the 
faculty  of  crystallizing  afterwards  in  its  turn.  Let  pure  sugar  be 
dissolved  in  water,  and  the  solution  be  concentrated  to  the  extent 
suitable  to  avoid  its  alteration,  one-half  of  the  sugar  only  will 
crystallize;  but  the  mother  liquor,  the  syrup,  which  becomes  a  sat- 
urated solution  at  the  ordinary  temperature,  may,  by  a  new  evapo- 
ration, rapid  or  slow,  furnish  new  crystals;  so  that  by  successive 
drainings  and  evaporations  all  the  sugar  employed  may  be  recov- 
ered in  the  solid  state. 

If  this  same  sugar,  when  in  the  state  of  syrup,  be  treated  with  a 
mixture  of  alcohol  and  ether,  which  causes  its  rapid  precipitation, 
the  thick  liquid  thus  obtained  will  settle  in  a  short  time;  and  the 
augar  separated  in  this  manner,  though  pure,  will  be  destitute  of 
transpare'nce  and  of  the  particular  aspect  which  characterizes  com- 
mercial sugar. 

To  recur  to  the  question  which  M.  Guignod  addressed  to  me  in 
one  of  his  articles  relating  to  my  first  work.  ^^But  has  M.  P61i- 
got  really  obtained  20  per  cent  of  commercial  sugar  ?"  I  will  re- 
plv!  no,  I  did  not  obtain  20  per  cent,  of  commercial  sugar;  this 
follows  from  the  very  description  I  have  given  of  that  sugar.  But 
it  would  have  been  commercial  if,  instead  of  operating  in  a  small 
way,  upon  a  few  hundred  grammes  of  cane  juice,  by  means  of  al- 
cohol and  rapid  evaporation,  I  could  have  worked  upon  a  larger 
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Bcale;  f#r  this  sugar,  I  repeat,  was  free  froin  uncrystallizable  sugar 
and  from  molasses. 

However,  what  was  not  possible  for  me  to  do  was  executed  by 
M.  Plague;  by  operating  upon  4  kilogrammes  of  cane  juice,  he  ob- 
tained by  concentration  and  successive  crystallizations,  832  gram- 
mes of  crystallized  sugar,  of  a  yellowish  white  color,  drier  than 
the  ordinary  cassonades  of  Martinique;  this  20.8  of  sugar  bore  the 
characteristics  of  commercial  sugar. 

Finally,  M.  Guignod  expresses  himself  as  follows:  ^^  M.  P^ligot 
should  have  obtained  what  I  have  often  had  in  my  small  operations, 
my  form  being  a  funnel,  a  sort  of  concretion;  I  say  a  sort  of^  be- 
cause the  true  concretion  seems  to  indicate  the  absence  of  mo- 
lasses by  a  very  high  concentration  which  caramelizes  and  attenu- 
ates the  crystallization,  which  would  have  been  obtained  by  a  mod- 
erate concentration.  There  is  also  attenuation  of  crystallization, 
with  this  difference,  that  there  is  no  caramelization,  and  that  the 
shade  of  color  remains  beautiful.  The  shade  of  mine  was  beauti- 
iful  also;  neither  had  I  any  molasses,  or  rather  there  was  no  ap- 
pearance of  any;  but  did  I  estimate  its  quantity?  Did  I  suppose 
that  I  had  crystallized  all  the  matter  remaining  after  the  evapora- 
tion of  the  water,  and  the  removal  of-  the  extraneous  matters  by 
cur  method  of  purification?  Did  I  suppose  I  had  obtained  com- 
mercial sugar?  Certainly  not;  I  obtained  the  ordinary  results  to 
be  anticipated  in  crystallization  in  small  vases — what  takes  place  in 
the  vats  in  the  manufacture  on  a  large  scale,  when  too  small  a  layer 
of  concentrated  syrup,  a  quarter  of  an  inch  for  instance,  in  place 
cf  an  inch  and  a  half  is  used;  I  obtained  an  excessively  attenuated 
crystallization,  occurring  in  such  a  state  of  division  that  the  molasses 
itself,  divided  in  an  immense  number  of  intetstiees,  could  neither 
separate  nor  flow  off.  In  fact,  it  was  supposed  that  the  infinitely 
small  rudiments  of  crystals,  being  seized  by  a  too  sudden  cooling 
of  the  mass,  in  the  midst  of  very  thick  molasses,  could  not  ap- 
Droach  so  as  to  form  larger  crystals  by  superposition.  Sugar  of  this 
kind  becomes  as  hard  as  marble.  Is  this  taken  for  commercial 
sugar?     Is  this  the  20  per  cent,  of  sugar?" 

We  see  in  this  passage,  some  parts  of  which  in  truth  are  quite 
unintelligible  to  me,  that  M.  Guignod  obtained  20  per  cent,  of  in- 
ferior sugar;  now  I  think  that  I  established  or  rather  asserted  the 
fact,  that  its  commercial  appearance  depends  solely  upon  the  me- 
dium in  which  the  sugar  crystallizes,  so  that  in  causing  the  sugar 
to  crystallize  in  molasses,  for  instance,  which  yields  no  crystals, 
we  wottl4  obtain  in  a  merchantable  condition  the  20  per  cent,  of 
sugar  which  the  juice  really  contains.  I  may  add,  that  frequently 
the  molasses  necessary  for  the  crystallization  of  sugar  can  likewise 
be  crystallized;  such  are  the  drippings  (nro;)  dUgout)  which  is  the 
result  of  a  well  conducted  operation,  it  is  difficult  to  comprehend 
why  the  colonists  do  not  profit  by  the  sugar  which  they  could 
easily  produce  by  a  new  concentration  of  the  syrup,  provided  the 
operation  was  immediate;  for  in  preserving  it  for  a  long  time,  as  is 
most  frequently  the    case,  it  becomes  decidedly  uncrystallizable. 
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and  it  is  thought  that  then  it  is  more  advantageous  to  conrert  it 
into  rum  or  use  it  as  food  for  cattle. 

It  is  certainly  to  this  carelessness  that  we  must  attribute  the 
large  proportion  of  molasses  which  they  get,  since  their  juice 
yields  no  more  than  12  per  cent,  of  commercial  sugar.  It  seems 
that  in  adding  to  new  concentrations  recent  drippings,  so  as  not  to 
preserve  any  molasses,  the  yield  in  sugar  would  be  much  increased, 
and  consequently  the  revenue  also,  sinte  the  crystallized  sugar  has 
always  a  value  at  least  five  times  greater  than  that  of  molasses. 
This  practice  succeeds  even  for  beet  juice,  where  the  uncrystalliza- 
ble  substances  exist  in  a  much  greater  proportion.  Hawever,  it  is 
not  possible  in  all  cases,  unless  the  molasses  be  the  result  of  opera- 
tions in  which  the  accidental  causes  of  the  destruction  of  sugar 
previously  discussed  have  been  carefully  avoided. 

After  this  long  but  necessary  discussion,  I  return  to  the  labors  of 
M.  Dupuy. 

In  the  course  of  the  second  part  of  his  memoir,  he  reports  some 
experiments^  made  on  a  small  scale,  for  the  extraction  of  sugar 
from  dried  canes.  *  These  experiments  were  satisfactory,  when  be 
operated  upon  canes  recently  dried;  the  yield  in  sugar  amounts  to 
66  per  cent.;  but  dried  canes,  exposed  for  three  months/to  the  or- 
dinary influence  of  the  atmosphere,  gave  only  34  per  cent,  of  an 
oily,  discolored  sugar,  having  none  of  the  qualities  of  commercial 
sugar.  In  analyzing  the  third  part  of  the  memoir  of  M.  Dupuy,  I 
will  recur  to  the  important  question  of  using  dried  cane. 

M.  Dupuy  then  discusses  the  processes  employed  in  practical  ope- 
rations upon  dried  cane;  he  sets  forth  the  advantages  and  inconve- 
niences of  this  method  of  manufacturing  sugar. 

Finally,  he  describes  the  actual  condition  of  the  manufacture  in 
the  colonies;  he  exhibits  its  imperfections,  and  indicates  the  differ- 
ent means  lihicb  seem  to  him  to  be  the  most  expedient  for  immedi- 
ately diminishing,  with  little  expense,  the  enormous  loss  of  sugar 
incurred  by  a  method  so  much  at  variance  with  the  constant  pro- 
gress of  all  other  branches  of  industry. 

The  latter  portion  of  M.  Dupuy's  work  is  well  treated;  thead- 
vice  he  gives  to  the  colonists  is  wise  and  reasonable;  followed  by 
several  manufacturers,  whose  names  he  gives,  it  has  borne  good 
frait. 

It  would  be  impossible,  however,  to  analyze  this  discussion,  in- 
teresting as  it  is,  without  entering  into  details,  which  the  limits  of 
this  memoir,  already  too  long,  will  not  permit.  To  give  publicity 
to  the  researches  of  M.  Dupuy  would  doubtless  be  profitable  to  the 
progress  of  the  colonial  industry. 

I  pass  then  to  the  third  part  of  the  report  of  M.  Dupuy,  which 
was  addressed  to  me  five  months  ago,  through  the  medium  of  the 
minister  of  agriculture  and  commerce. 


Third  part  of  the  memoir  of  M.  Dupuy^  dated   10th  September^ 

1841. 

M.  Dupuy  repeats   what   he   previously  demonstrated,  that  tke 
mills  cause  an  average  loss   of  twelve  to  fifteen  per  cent,  of  cane 
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i'uice;  he  mentions  that  this  fact  is  now  more  generally  admitted 
)y  sugar  planters^  in  consequence  of  the  proofs  he  made  in  1840 
upon  the  rolling  of  canes,  the  exactness  of  which  proofs  he  has 
again  verified  upon  the  last  crop.  A  few  colonists,  he  adds,  have 
recently  adopted  good  and  solid  iron  mills  with  horizontal  rollers, 
the  action  of  which  being  more  regular  and'  moire  powerful,  gives 
seventy  to  seventy-two  per  cent.,  in  place  of  fifty-five  to  sixty  per 
cent,  obtained  by  the  old  mills. 

He  reverts  to  the  process  of  desiccation  and  the  exportation  of 
dried  cane  to  France.  This  process  was  recentlv  commenced  by  a 
company  in  the  metropolis,  in  an  establishment  buili  expressly  for 
the  purpose,  upon  a  lot  of  M.  de  Jabrun,  upon  the  bay  of  Mahault. 

He  first  gives  the  experiments  which  he  made  upon  dried  cane,  in 
order  to  discover  their  richness  in  sugar  at  different  periods  of  the 
year/ 

The  canes  were  cut,  obliquely  to  their  length,  in  short  sections 
of  two  or  three  millimetres,  then  dried  by  fire,  for  twelve  or  fifteen 
hours,  at  60  or  80°  centigrade;  some  were  dried  by  two  or  three 
exposures  to  the  sun,  at  the  temperature  of  45^  centigrade. 

These  canes  were  macerated  in  cold  water  for  several  hours.  M. 
Dupuy  determined  that  one  hundred  parts  of  canes,  reduced  to 
thirty  parts  by  drying,  when  macerated  three  hours  in  five  hundred 

r tarts  of  water,  at  the  mean  temperature  of  26*  centigrade,  give  a 
iquid  indicating  from  102.5  to  103.6  degrees  of  Collardeau's  den- 
simeter; by  making  several  successive  macerations,  and  evapora- 
ting the  combined  liquors,  he  obtained  a  quantity  of  commercial 
sugar  equal  to  from  twenty-four  to  thirty  per  cent,  of  the  weight 
of  the  canes. 

This  sugar  was  obtained  without  the  usual  defecation  by  li^e; 
and  the  liquors  were  neutral  to  test  paper. 

M.  Dupuy  remarks  that  by  this  method,  according  to  his  experi- 
ments, nine  kilogrammes  of  sugar  can  be  produced  from  one  hun- 
dred kilogrammes  of  fresh  canes,  instead  of  seven  kiIogrammeS| 
which  the  best  arranged  establishments  now  obtain.  It  is  evident 
that  this  increase  in  product  is  still  not  so  considerable  as  it  should 
be,  since  the  canes  have  lost  seventy  per  cent,  of  their  weight  of 
water,  containing  about  two  parts  of  sugar  for  one  of  weody  mat- 
ter. The  use  of  methodical  steepiogs,  until  complete  extraction, 
would  doubtless  have  furnished  M.  Dupuy  a  more  considerable 
yield,  by  a  process  quite  is  practicable. 

M.  Dupuy  then  describes  the  building  constructed  in  Guadaloupe 
for  the  purpose  of  cutting  and  drying  the  fresh  canes,  and  for  press- 
ing them  when  dried;  it  is  in  this  building,  which  is  of  vast  dimen- 
sions and  furnished  with  well  contrived  arrangements,  that  the 
company  for  desiccation  proposed  to  prepare  and  send  to  France, 
in  July,  1841,  fifty  thousand  kilogrammes  of  dried  cane,  for  a  large 
experiment  in  a  sugar  refinery  in  the  environs  of  Paris.  Unfortu- 
nately, the  bad  construction  of  the  part  of  the  apparatus  intended 
for  drying  the  cane  prevented  it  from  performing  its  duty  in  good 
time,  so  that  it  was  necessary  to  defer  this  proof  until  another  sea- 
son, after  having   proved   by  the   desiccation   of  some  thousands 
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weight  of  canes  that,  with  the  exception  of  the  bad  mechanism  of 
the  part  of  the  apparatus  referred  to,  the  rest  of  it  gave  good 
results. 

The  important  question  of  using  dried  canes  is  then  stiil  pend- 
ing; for  the  postponement  of  this  operation  cannot  be  justly  consi- 
dered an  unsuccessful  result.  While  earnestly  desiring  that  this 
operation  may  succeed — ^that  it  may  give  to  commerce  an  increase 
of  freight — to  the  colonists  a  greater  yield,  and,  consequently,  a 
greater  income,  and  to  the  metropolis  a  more  saleable  sugar — I 
cannot  forbear  from  making  some  oDservations  upon  the  chances  of 
success  whicl^  it  seems  to  me  to  hare,  or,  rather,  which  it  is  now 
supposed  to  have. 

I  may  remark  that,  in  indicating  the  different  means  which  it 
seems  expedient  to  use  for  obtaining  a  more  considerable  yield  in 
juice  and  sugar,  I  have  scarcely  mentioned  this  process  of  desicca- 
tion, which  is,  nevertheless,  the  one  most  praised  of  late,  and  which 
was  the  first  to  cause  experiments  to  be  made  on  a  large  scale. 

The  motives  for  this  reserve  have  already  been  gi^^n  in  the  me- 
moir'which  I  published  in  1840  upon  the  sugar  cane  of  Martinique. 
In  speaking  of  the  evident  alteration  which  the  dried  canes  re- 
ceived from  that  colony  had  undergone,  I  thus  expressed  myself: 

^<  These  different  circumstances  render  illusory,  in  my  opinion, 
the  desiccation  of  the  cane  as  a  basis  for  a  new  method  of  extract- 
ing sugar.  I  will  not  discuss  here  all  the  reasons  which  render 
the  process  of  desiccation  advantageous  in  certain  cases  for  the 
beet,  but  on  the  contrary  useless,  and  perhaps  injurious  for  the 
sugar  cane;  but  it  has  been  proposed  latterly  to  bring  dried  canes 
from  the  colonies,  in  order  to  extract  the  sugar  in  France,  I 
h%ve  indicated  summarily  the  principal  causes  which  prevent,  in 
my  opinion,  the  economical  treatment  of  this  future  colonial 
export," 

In  spite  of  this  opinion,  put  forth  in  that  first  work  and  since  re- 

feated,  it  has  been  attempted  to  connect  my  name  with  that  of  M. 
elletan,  in  the  invention  of  the  process  of  desiccation  of  canes. 
That  M.  Pelle'tan  may  have  adopted  my  analysis  in  establishing  his 
process  is  very  possible;  but  that  I  have  participated  in  the  propa- 
gation of  this  process  is  untrue,  since,  on  the  contrary,  I  spoke  be- 
forehand in  a  manner  perhaps  too  positive  of  the  inconveniences 
which  I  thought  it  presented. 

These  inconveniences  are  of  many  kinds;  some  are  discussed  in 
the  Annalts  de  la  Societe  d^ Agriculture  de  la  Martiniquey  by  M. 
Guignod,with  whom,  for  this  t;me  only,  I  nearly  agree.  M.  Guig- 
nod  established  by  figures  that  this  operation  is  not  economical. 
This  conclusion  is  probable;  yet  the  reasons  which  M.  Guig^nod 
presents  are  such  as  to  render  it  a  debateable  question. 

This  gentleman  supposes  that  dried  canes  contain — 

Begassa ' 50 

Sugar 33 

Molasses 17 

100 
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He  admits  that  this  molasses  is  in  a  dry  condition,  and  he  boldly 
calculates  the  quantity  from  the  old  tables,  essentially  false  and 
erroneous,  of  Dutr6ne  Lacbuture. 

It  is  known  that  many  enlightened  colonists,  among  whom  in  the 
first  rank  is  M.  de  Jabrun,  concur  in  the  opinion  I  hare  just  giren 
upon  the  impossibility  of  founding,  upon  desiccation,  a  process  of 
working  advantageous  for  their  country.  Without  discussing  here 
the  arguments  presented  in  favor  of  this  method,  I  will  only  say 
that  there  has  not  been  sufficient  importance  attached  to  the  point 
which  I  think  governs  the  whole  question:  the  preservation  of  the 
sugar  in  an  unaltered  state  in  dried  canes. 

This  preservation  appears  to  me  to  be  very  doubtful  in  a  practi- 
cal point  of  view. 

Doubtless  dried  cane,  kept  in  a  dry  place,  may  furnish  almost 
the  entire  extraction  of  the  sugar  in  a  crystalline  state;  and  doubt- 
less the  17  per  cent,  of  pre-existing  molasses  is  at  this  day,  for 
everybody  but  M.  Guignod,  an  absurdity  which  it  i«  useless  to 
notice  further;  but  can  the  complete  desiccation,  easy  to  execute 
in  a  small  way,  be  realized  when  the  operation  is  conducted  upon 
a  very  large  scale?  Admitting  that  it  can  be  obtained,  is  it  possi- 
ble tnat  the  bundles  of  dried  cane,  packed  even  by  the  hydraulic 
press,  can  be  entirely  preserved,  during  a  long  voyage,  from  at- 
mospheric humidity,  and  from  accidental  contact  with  rain  or  salt 
water?  Now,  it  is  notorious  that  humidity,  whatever  may  be  its 
origin,  from  which  it  will  be  so  difficult  to  preserve  entirely  a 
substance  so  porous,  so  bulky,  and  of  so  little  value  as  dried  sugar 
cane,  is  a  permanent  cause  of  destruction,  the  progress  of  which  is 
rapid  and  disastrous.  Under  the  influence  of  water,  organic  sub- 
stances mould  afod  become  acid;  under  the  influence  of  acid,  sugar 
disappears. 

Experience  unfortunately  has  already  demonstrated  how  much 
this  cause  of  destruction  is  to  be  feared;  for  the  samples  of  dried 
cane,  which  I  received  at  different  times  from  the  colonies,  (ex- 
cepting those  placed  in-well  secured  bottles,)  all  exhibited  a  very 
decided  acidity, and,  consequently,  an  almost  total  absence  of  crys- 
tallizable  sugar. 

It  is  to  this  preservation  of  the  dried  cane,  during  the  voyage, 
that  I  would  have  directed  attention  had  my  opinion  been  heard 
before  this  new  process  of  extracting  sugar  had  been  undertaken. 
This  problem  governs  all  others  by  its  importance.  I  think  it 
cannot  be  solved. 

Moreover,  it  is  much  to  be  regretted  that,  among  the  various 
ways  which  may  be  taken  to  extract  a  greater  quantity  of  sugar 
from  the  cane  than  that  now  obtained,  the  most  uncertain  and  the 
longest  has  been  selected.  I  am  convinced  that,  apart  from  the 
principal  difficulty  which  I  have  just  mentioned,  the  separation  of 
the  sugar  from  the  beirassa,  at  the  place  where  the  cane  grows, 
will  always  be  preferable,  in  point  of  economy,  to  the  long  trans- 
portation of  these  two  products  unseparated. 

In  my  opinion,  also,  if  the  drying  of  the  cane  offers  any  advan- 
tages, it  is  only  on  condition  that  the  extraction  of  its  sugar  takes 
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place  upon  the  spot.  The  experiments  of  M.  Dupuy  are  important^ 
as  proviDg  that,  by  means  of  macerations,  evidently  insufficient) 
one-third  more  sugar  can  be  extracted  from  dried  canes^  without 
even  employing  lime,  than  from  fresh  canes  treated  in  the  ordinary 
manner.  Whatever  else  may  be  said  of  it,  the  necessity  of  going 
to  a  distance  to  make  these  macerations  does  not  exist.  To  seek 
good  processes  of  extraction  in  France,  and  then  to  report  them  to 
the  colonies,  would  always  be  more  reasonable  than  to  send  the 
products  themselves  to  be  submitted  to  those  processes,  it  has 
been  supposed  that  the  begassa  would  have  here  a  value  which 
would  in  part  cover  its  expense.  It  would  be  employed,  it  is  saidy 
in  the  manufacture  of  paper.  The  experiments,  made  with  such  a 
design,  prove  that  it  is  fit  for  that  use. 

It  must  be  observed,  however,  that  the  begassa  must  be  replaced 
by  a  fuel  certainly  of  ereater  value  than  that  which  it  represents 
in  the  colonies:  it  would  not  serve  for  the  manufacture  of  paper, 
unless  its  value  in  France  were  almost  nothing.  The  successful 
experiments  which  have  been  made  with  it  prove  nothing  in  favor 
of  its  use.  With  what  substances  (alas!)  is  not  paper  now  madel 
A  fact  which  does  not  prevent  rags  from  being  rare  and  costly,  be- 
cause good  paper  can  be  made  of  them  only.  Begassa  is  much  in- 
ferior to  cotton  in  this  industry,  though  a  little  better  than  straw 
and  other  naturally  fibrous  substances:  it  can  be  considered  only 
as  a  valueless  residue. 

Here  endsj  Mr.  Secretary,  the  task  which  you  did  me  the  honor 
to  entrust  to  my  charge.  I  have  sought,  by  the  attentive  discus- 
sion of  the  documents  which  we  at  this  time  possess,  both  upon  the 
manufacture  of  sugar  and  the  composition  of  the  cane,  to  establish 
distinctly  the  present  and  future  position  of  this  great  colonial  in- 
dustry. The  facts  which  I  have  set  forth,  and  the  opinions  which 
I  have  given,  will  doubtless  find  contradictors;  each  one,  according  to 
his  interest,  will  give  them  a  different  interpretation,  as  has  hap- 
pened to  my  preceding  memoirs  upon  the  beet  and  the  cane;  some 
will  see  in  this  work  the  finger  of  an  advocate  for  the  colonies; 
others,  on  the  contrary,  will  find  arguments  in  favor  of  beet  sugar. 
As  for  myself,  I  will  give  no  opinion  upon  the  influence  which  these 
results  may  have  upon  the  question  of  domestic  and  colonial  sugars, 
a  point  so  much  contested.  Without  prejudice  of  locality  or  po- 
sition, I  have  had  in  accomplishing  my  task  but  a  single  end,  that 
of  seeking  the  truth. 

Permit  me,  sir,  in  the  name  of  progress, -which  each  of  us  seeks 
to  favor,  to  call  your  attention  to  a  point  in  legislation  which  op- 
poses, in  my  opinion,  all  the  actual  ameliorations  which  your  en- 
lightened solicitude  endeavors  to  introduce  into  the  manufacture  of 
sugar  in  the  colonies;  permit  me  to  comment  frankly  upon  the  ex- 
cess of  duty  which  is  levied  upon  white  and  clayed  sugar. 

I  am,  of  course,  ignorant  of  the  reasons  which  influenced  the 
administration  in  establishing  the  difference  in  the  following  duties 
which  the  sugars  from  our  colonies,  from  America,  for  example, 
pay  upon  their  entrance  into  France. 
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Brown  sugar • F.  46  00  per  100  kilogrammes. 

Inferior  white  sugar  • 52  50        <^  << 

Clayed  sugar)  of  all  shades  •••  •       66  50        <<  << 

It  is  probable  that  these  differences  (which,  not  being  in  propor- 
tion to  the  value  of  the  sugars  in  the  market,  are  almost  equivalent 
to  a  prohibition  upon  the  last  two  qualities)  were  established  with 
the  design  of  favoring  both  the  shipping  interest,  by  causing  a  more 
considerable  weight  of  merchandise  in  the  shape  of  brown  suga^r, 
and  the  metropolis,  by  giving  to  it  exclusively  the  refining  of  this 
sugar. 

Il  %ut  it  seems  certain  that  this  measure  was  taken  under  the  influ- 
ence of  old  and  erroneous  convictions,  which  attributed  to  the  co- 
lonial manufacture  conditions  of  existence  and  stability  different 
from  those  which  it  presents  at  this  day. 

If,  however,  colorless  sugar  cannot  be  produced  from  the  cane, 
as  was  supposed  a  few  years  ago;  if  the  molasses,  which  impreg- 
nates and  colors  this  sugar,  cannot  be  removed;  if  the  production 
of  colonial  brown  sugar  must  remain  stationary  as  to  quantity;  if 
the  quality  cannot  be  improved,  the  excess  of  duty  upon  white  su- 
gar may,  to  a  certain  extent,  be  comprehended  and  justified. 

But  if,  on  the  contrary,  this  coloration  is  the  consequence  of  a 
bad  mode  of  working;  if  it  be  demonstrated  that  the  sugar  which 
pre-exists  in  the  cane  is  white;  that  it  is   obtained  white,  when  a 

{»art  is  not  destroyed;  that  the  proportion  extracted  is,  consequent- 
y,  as  much  greater  as  it  is  less  colored;  what  must  be  thought  of 
a  legislative  measure  which  imposes  upon  that  industry  the  exor- 
bitant obligation  of  making  small  and  bad  products,  and  which 
places  a  barrier  before  one  of  the  things  which  the  laws  should 
iLost  respect — improvement? 

It  is  demonstrated  that,  since  this  increase  of  the  duty  has  been 
levied  upon  white  and  clayed  sugars,  the  colonial  manufacture,  in- 
stead of  following  the  natural  tendency  to  improvement,  has  pur- 
sued a  retrograde  march;  it  is  probable  that  this  lamentable  result 
is  mainly  owing  to  that  excess  of  duty,  although  the  colonists  them- 
selves do  not  render  a  very  exact  account  of  the  wrong  which  this 
legislation  has  done  them. 

I  find  an  argument  in  favor  of  this  opinion  in  the  concluding 
words  of  a  note  which  I  received  from  an  experienced  colonist, 
M.  JoUiment  de  MaroUes,  and  which  relates  to  his  practical  obser- 
vations upon  the  nature  of  cane  iuice. 

<^  There  can  be  no  doubt  that  better  results  might  be  obtained  if 
'Some  of  the  new  processes  were  adopted.  Sixty  years  ago  there 
was  made,  on  several  plantations,  as  beautiful  sugar  as  it  is  possi- 
ble to  make,  with  the  same  apparatus  as  that  now  in  use.  These 
same  plantations  now  produce  sugar  of  a  very  ordinary  quality, 
often,  indeed,  of  a  bad  quality.  The  refiners  who  made  that  beau- 
ful  sugar  are  dead." 

It  is  certain  that,  in  consequence  of  the  measures  adopted  in  le- 
gislation, the  colonists  are  at  this  time  under  the  sad  necessity  of 
jnaking  sugar  of  an  inferior  quality;  for,  if  their  sugar  were  beau- 
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tifuly  it  wonld  be  taxed  with  a  duty  which  is  prohibitory.  Now^ 
since  we  know  that  the  quality  reacts  upon  the  quantity,  the  less 
beautiful  the  sugar  is  the  less  is  the  amount  obtained. 

Is  refining,  if  it  should  still  be  prohibited  to.  the  colonists^  ne- 
cessary to  the  consumption  of  sugar?  Cannot  brown  sugar  be  ob- 
tained sufficiently  beautiful  and  good,  that  the  consumer  may  be 
induced  to  buy  it  from  the  colonists  without  its  passing  through 
the  refiner's  pans? 

Everybody  knows,  at  this  day,  that  refining  is  not  indispensable 
to  the  production  of  white  sugar.  It  is  notorious,  that  at  Bourboa 
M.  Vincent  has  made  brown  sugar  of  a  quality  equal  to  the  most 
beautiful  refined  sugar.  To  accomplish  this  remarkable  result  he 
has  only  borrowed  from  the  manufacture  of  beet  sugar  its  best  me- 
thods of  operation. 

It  is  also  known  that  the  difficult  problem  of  the  direct  transform- 
ation of  crude  beet  sugar  into  refined  sugar,  without  altering  its 
form,  a  problem  which  was  proposed  a  few  years  ago  by  the  Soci6t6 
d*  encouragement  J  is  no^  realized.  M.  Boucher,  a  manufacturer  of 
Pantin,  near  Paris,  who  obtained  the  prize,  has  sold,  and  continues 
to  sell,  a  very  large  quantity  of  beet  sugar  purified  in  the  very  form 
which  the  evaporated  juice  has  received,  and  purified  in  such  a 
manner  that  it  leaves  this  form  with  all  the  qualities  of  refined 
sugar. 

The  most  remarkable  thing  about  the  method  of  M.  Boucher  is 
that  there  is  nothing  very  peculiar  in  the  process:  it  consists  alto- 
gether in  paying  particular  attention  to  every  part  of  the  operation; 
the  concentrations  being  less  colored  than  customary,  much  less 
molasses  is  obtained;  the  brown  sugar  resulting  from  these  concen- 
trations is  immediately  clayed,  liquored,  and  stored. 

M.  Boucher  says,  moreover,  that  the  beet  yields  him,  by  his  pro- 
cess, eight  tenths  of  the  whole  amount  of  sugar  it  contains. 

It  cannot  be  doubted  that  this  improvement  in  the  operations 
•  could  be  much  more  easily  realized  upon  the  cane  than  upon  the 
beet;  it  would  have  the  immediate  consequence  of  producing  a 
greater  quantity  of  sugar,  and  of  increasing  the  consumption — the 
eost  of  the  white  sugar  being  reduced  by  the  almost  total  suppres- 
sion of  the  expense  of  refining,  and  the  profits  of  all  the  agents 
who  are  interposed  between  the  producer  and  consumer. 

But,  in  order  to  arrive  at  a  result  so  desirable,  it  is  necessary 
that  the  excess  of  duty  levied  upon  white  sugars  be  removed — it  is 
necessary  to  leave  to  the  manufacturer  the  right  of  improving. 
The  shipping  interest,  so  far  from  losing  by  this  change,  would,  on 
the  contrary,  gain  by  it,  probably  very  considerably,  for  it  would 
soon  transport  more  white  sugar  than  it  now  receives  of  brown  su- 
gar; the  refiners  alone  would  find  themselves  aggrieved. 

It  would  be  well  to  examine  whether  the  general  interest  does 
not  demand  that  white  sugar  should  receive  an  advantage  over 
blown,  in  order  to  stimulate  reasonable  improvements  in  the  colo- 
nial manufacture.  However  this  may  be,  we  must  not  lose  sight 
of  the  following   statistical  numbers  which  express  the  condition. 
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f present  and  future,  more  or  less  distant,  of  the  industry  of  our  co* 
onies. 

Bourbon,  Guadaloup?,  Martinique,  and  Cayenne,  furnish  at  this 
time  eighty  million  kilogrammies  of  sugar,  which  bring  into  the 
treasury  forty  millions  of  francs. 

This  quantity  of  sugar  is  produced  by  canes  which  contain,  on 
an  average,  eighteen  pa^rts  of  sugar,  and  which  yield  seven  parts 
at  the  farthest.* 

Admitting  that  this,  yield  may  be  extended  to  fourteen  parts,!  in 
consequence  of  the  better  application  of  methods  already  in  use^ 
our  colonies  would  produce  160  million  kilogrammes  of  sugar, 
and  would  bring  into  the  treasury  80  millions  of  francs.  The  com*- 
merse  would  be  doubled.  This  hypothesis  supposes  that  the  cul- 
ture of  the  cane  would  not  be  augmented,  and  it  is  known  how 
much  it  is  at  this  time  restrained  and  limited  by  the  oppression 
under  which  the  planters  have  been  laboring  for  many  years. 

Paris,  mh  Jum,  1842. 


NOTE  D. 


Researches  on  the  chemical  composition  of  the  sugar  cane  of  Mar- 
tinique^  by  M,  Ptligot. 

If  the  knowledge  of  the  natural  products,  elaborated  by  chemi- 
cal art,  was  always  proportional  to  the  industrial  importance  of  the 
manufactured  article,  the  study  of  the  sugar  cane,  a  plant  upon 
which  the  commercial  relations  of  the  old  and  new  world'  chiefly 
rest,  would  long  ago  have  made  known  its  physiological  constitu- 
tion, the  quantity  of  sugar  it  contains,  and  how  much  it  can  be 
made  to  yield. 

In  our  day,  when  a  new  chemical  industry  begins  to  develope 
itself,  it  commences  by  inquiring  exactly  what  quantity  of  the  sub- 
stance can  be  extracted  from  the  material  upon  which  it  operates. 
The  successive  improvements  in  the  methods  of  extraction  constantly 
tend  to  approach  as  near  as  possible,  in  practice,  to  the  theoretical 
data  furnished  by  science;  and  those  arts  which  follow  this  course 
soon  attain  a  high  degree  of  perfection. 

The  manufacture  of  cane  sugar  has  proceeded  in  a  different 
manner;  commenced  at  an  ep6ch  when  science  could  not  yet  guide 
it,  it  has  not  sought  latterly  the  amelioration  which  it  might  expect 
from  a  more  perfect  knowledge  of  the  original  materials  with  which 
it  works.  It  has  thus  remained  stationary  for  a  long  time;  and  if, 
of  late  years,  it  has  received   any  improvements,   it  owes  them  to 


*  Many  weU-inrormed  persons  admit  that  the  number  5  represents  the  average  yield  of  the 
cane  of  the  colonies. 

t  This  qaantity  (7  parts  of  9)  is  certainly  below  what  may  be  obtained  practically.  The 
beet,  whicn  contains  two  per  cent,  of  foreign  matter,  which  renders  the  extraction  of  its  su- 
gar much  more  difficalt,  and  which  does  not  exist  in  the  cane,  gives,  by  manafaetaring  pre* 
cesses,  from  6  to  8  parts  of  sngar  oat  of  10  or  12. 
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the  iDtelligent  efforts  of  a  rival  industry,  which  has  surmounted 
*with  much  perseverance  the  numerous  obstacles  opposed  to  its  de- 
velopment. 

Without  discussing  here  the  causes  which  have  advanced  the  do- 
mestic manufacture  of  beet  sugar  beyond  the  colonial  industry,  we 
must  admit  that  the  most  erroneous  notions  guide  even  now  the 
manufacturer  of  cane  sugar  in  his  operations.  It  is,  doubtless,  to 
he  regretted  that  we  have  not  considered  the  justice,  and  moreover 
the  policy  of  extending  the  necessary  improvements  to  the  colo- 
nists. If  the  government  and  the  colonial  councils  had  given  to 
this  old  industry  some  of  the  encouragement,  for  improving  its 
processes  of  extractiqn,  which  has  never  been  wanting  to  the  grow- 
ing manufacture  of  beet  sugar,  the  present  complicated  question  as 
to  the  nature  and  qualities  of  the  two  sugars  would  likely  never 
have  arisen. 

In  order  to  demonstrate,  in  the  clearest  manner,  how  stationary 
and  imperfect  the  theory  of  the  manufacture  of  cane  sugar  has  re- 
mained, permit  me  to  give  here  a  rapid  analysis  of  the  works,  few 
at  best,  which  treat  of  this  subject.  It  will  be  seen  that  the  most 
modern  authors  have  repeated,  without  change,  and  accepted,  with- 
out hesitation,  the  hypothetical  views  and  the  erroneous  opinions 
which  have  been  published  more  than  fifty  years.  As  to  the  prac- 
tical part  of  that  industry,  the  testimony  of  the  colonists,  and, 
above  all,  their  commercial  position,  attest  to  us  the  great  imper- 
fection of  the  methods  they  employ  in  extracting  sugar  from  the 
plant  which,  by  its  natural  richness,  should  assure  them  an  easy 
and  prosperous  support. 

The  oldest  work  written  on  this  industry  is,  I  believe,  the  essay 
on  the  art  of  cultivating  the  cane  and  of  extracting  the  sugar  from 
it,  published  in  1781,  by  De  Cazaux,  a  member  of  the  Royal  So- 
ciety of  London.  In  this  book  the  author,  having  especially  in 
view  the  propagation  of  a  new  system  of  culture  of  the  cane,  gave 
but  little  attention  to  the  chemical  composition  of  the  plant;  how- 
ever, he  thus  expresses  himself  in  regard  to  the  juice:  *'The  know- 
ledge of  the  parts  which  compose  this  juice,  and  of  the  proportions 
which  they  bear  to  each  other  in  good  canes,  has  served  me  as  a 
rule  to  distinguish  the  bad,  and  to  treat  both  according  to  their 
need;  these  parts  are  sugar  and  molasses,  united  in  all  kinds  of 
juice  to  more  or  less  acid,  known  b^  the  name  of  fat,  they  require 
an  agent  to  effect  their  separation — lime  and  ashes  are  acknowledged 
to  be  the  most  proper  agents  for  this  purpose." 

He  says,  afterwards,  that  hitherto  no  one  has  formed  any  idea  of 
the  more  or  less  intimate  union  of  the  fat  with  the  sugar  and  mo- 
lasses, and  adds:  ''The  usual  proportion  between  the  sugar  and 
molasses  in  the  young  shoots,  at  least  at  the  time  when  I  fix  for 
the  harvest,  appears  to  me  to  be  very  nearly  equal  weights;  and  the 
union  of  the  fat  with  these  parts  in  the  common  soil  appears  to 
me  such  that  nothing  is  risked  in  trying,  at  the  commencement  of 
the  season,  pure  lime,  to  the  amount  of  four  to  six  ounces  on  two 
hundred  gallons  of  material,  augmenting  or  diminishing  after  ob- 
serving the  effect  of  that  quantity  on  the  juice." 
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We  see  that  at  this  epoch  there  was  admitted,  in  the  juice,  the 
pre-existence  of  a  weight  of  molasses  equal  to  that  of  the  sugar 
extracted  from  it^  this  error,  which  (except  the  proportions)  still 
exists  among  the  colonists,  has  been,  without  doubt,  one  of  the 
principal  causes  of  the  imperfect  state  in  which  this  industry  re- 
mains. If,  instead  of  considering  molasses  a  natural  and  necessary 
product,  De  Ca^aux  had  observed,  or  had  formed  the  idea  that  its 
quantity  is  variable,  and  changes  with  the  circumstances  of  the 
operations  towhich  the  juice  is  submitted^  and  if  he  h%d  published 
the  idea  that  molasses  arises  from  the  alteration  which  the  sugar 
has  undergone,  this  capital  fact,  confirmed  elsewhere  by  the  daily 
experience  of  the  manufacturer,  would  have  introduced  such  im- 
provements, that  the  part  which  sugar  plays  as  a  principle  of  food 
would  at  this  time  be  of  incalculable  importance,  in  consequence  of 
its  low  price. 

Dutrone  la  Couture,  to  whom  the  manufacturer  of  cane  sugar  is 
indebted  for  important  improvements,  published,  in  1790,  a  treatise 
en  sugar  cane  and  the  art  of  extracting  from  it  the  essential  salt. 
-^^In  this  work  he  divides  the  juices  of  the  cane  into  three  kinds: 
Ist.  A  watery  juice  contained  in  the  sap  vessels,  insipid,  without 
odor  and  colorless,  flowing  in  drops  from  the  cut  cane.  2d.  A 
sweet  mucous  juice,  enclosed  in  the  pithy  tissue,  so  thick  as  to 
escape  only  by  the  pressure  produced  by  the  cylinders.  3d.  A 
juice  contained  in  the  proper  vessels,  {vaisseaux  propresj)  and  par- 
ticularly in  the  rind.  The  latter  has  a  yellow  color,  a  peculiar 
odor,  and  holds  in  solution  a  soapy  extract.  In  addition  to  these 
three  liquids,  the  pressure  brought  on  the  canes^  in  crushing  their 
tissue,  detaches  some  fibres  which,  according  to  the  author,  consti- 
tute two  kinds  of  feculencies;  the  one,  thick,  coming  from  the 
rind;  the  other,  very  fluid,  from  the  tissue  of  the  pith.  M.  Du- 
trone, in  the  sixth  chapter,  insists  much  upon  th^  properties  of 
these  two  feculencies,  upon  the  separation  and  the  exact  extraction 
of  which  all  the  operations  of  the  sugar-house  are  based.  He  ex- 
amines the  action  of  heat,  air,  alcohol,  and,  above  all,  of  lime  and 
the  fixed  alkalies  on  these  feculencies,"  &e.  (Extract  from  the 
report,  made,  31st  May,  1788,  to  the  Academy  of  Sciences,  upon 
the  manuscript  work  of  Dutrone,  by  Darcet,  F.  de  Boudaroy,  Dei- 
thoUet,  and  Fourcroy.) 

Without  delaying  here  to  discuss  the  existence  of  the  different 
products  enumerated  by  Dutrone,  I  will  simply  state  the  fact  that, 
in  the  first  of  his  important  memoirs  on  grape  sugar,  Proust  reports 
some  experiments  which  he  made  on  the  sugar  cane  of  Malaga,  and 
which,  he  thinks,  confirm  the  opinions  of  Dutr6ne;  but  his  opinion 
on  the  composition  of  the  cane  suffers  a  little  perhaps  from  the  ne- 
cessity which  was  felt  in  1806  of  finding  a  substitute  for  cane 
sugar,  which  was  then  not  to  be  found  in  our  markets,  in  conse- 
quence of  the  continental  blockade. 

Having  established,  Vy  examples,  the  existence  of  gum,  ex- 
tractive matter,  and  different  a<:ids  in  the  fruits,  this  illustrious 
chemist  expresses  himself  as  follows: 

**These   facts,  which  deserve  to   be   extended   in  the  vegetable 
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carbonic  acid,  alcohol,  and  even  into  vinegar;  in  others,  changed 
to  a  kind  of  semi-transparent  gum,  so  thick  that  it  flowed  with  dif- 
ficulty from  the  vessels  containing  it."  Thus  Yauquelin,  obliged 
to  renounce  the  analysis  of  the  juice,  confined  himself  to  the  study 
of  this  peculiar  and  remarkable  gummy  substance,  into  which  the 
sugar  is  transformed  in  consequence  of  this  kind  of  fermentation. 

About  a  year  ago,  when  I  published  my  analysis  of  beet  sugar, 
M.  Gradis,  an  intelligent  merchant  of  Bordeaux,  proposed  to  send 
for  some  canes  and  juice  from  Martinique,  for  the  purpose  of  an- 
swering, by  their  examination,  some  questions  which  he  submitted 
to  me  respecting  the  manufacture  of  sugar.  He  wished  to  know 
particularly  if  the  method  of  washing  and  drying,  which  had  been 
proposed  for  the  fabrication  of  beet  sugar,  could  be  applied  to  the 
operations  of  the  colonies.  I  accepted  the  obliging  offer  of  M.  Gradis 
with  the  more  eagerness,  inasmuch  as  I  had  desired,  for  a  long 
time,  to  find  an  opportunity  of  comparing  the  composition  of  the 
cane  and  that  of  the  beet,  and  to  ascertain  whether  all  the  princi- 
ples which  had  been  admitted  to  exist  in  the  juice  of  the  cane  were 
really  there. 

M.  Gradis  received  and  sent  me,  some  months  ago,  eight  bottles 
of  cane  juice  and  about  three  kilogrammes  of  canes  which  had  been 
dried  according  to  my  directions  by  M.  Peraud,  an  apothecary,  of 
Martinique. 

In  spite  of  the  alterations  which  the  juice,  sent  to  Yauquelin, 
had  undergone,  I  designated  the  process  of  Appert  as  one  which 
would  insure  the  preservation  of  what  was  sent  me;  indeed,  since 
this  process  has  become  common,  and  is  employed  on  an  immense 
Bcale,  every  day  showing  its  efficacy  more  and  more,  even  when  ap- 
plied to  the  most  delicate  articles  of  food,  and  those  most  liable  to 
injury,  it  was  very  probable,  if  not  certain,  that  being  well  execu- 
ted it  would  maintain  entire  and  unaltered  a  liqaid  which  contained 
sugar,  already  in  itself  a  preservative  principle. 

Thus,  after  having  passed  through  the  milJ  a  certain  quaiitliy  of 
fresh  and  beautiful  canes,  on  the  12th  April,  the  season  of  its  full 
maturity,  M.  Peraud  introduced  into  glass  bottles  the  juice  which 
he  extracted  from  them,  and  which  was  the  same  as  the  juice  of 
the  sugar-house;  he  closed  them  carefully  in  the  same  manner  as 
chajnpagne  is  bottled;  they  were  then  placed  in  a  water  bath,  the 
water  of  which  was  by  degrees  brought  to  the  boiling  point. 

This  simple  preparation  succeeded  as  well  as  could  be  desired, 
and  the  juice  which  reached  me  without  having  undergone  any  al- 
teration I  submitted  to  the  ins^pectioYi  of  several  persons  who  had 
lived  in  the  colonies,  and  they  recognized  in  it  all  the  characteris- 
tics of'the  ordinary  juice. 

It  is  a  liquid  having  the  balsamic  odor  of  raw  cane  sugar,  hold- 
ing in  suspension  a  greyish  matter  in  a  very  divided  state,  which 
appears  to  be,  or  rather  to  have  been,  the  globular  matter  existing 
in  the  expressed  juices  of  almost  all  sweet  vegetables.  It  is  known 
that  this  matter  is  an  active  ferment,  and  that  it  causes  the  rapid 
alteration  of  thosf  juices,  after  they  have  been  kept  for  some  tiaie, 
either  with  or  without  the  contact  of  the   air.     It  r.pjifars  to   de- 
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monstrate  that  viscous  fermentation,  or  the  formation  of  the  gum- 
my product  of  the  consistence  of  starch,  which  is  engendered  at 
the  expense  of  the  sugar  in  the  juice  of  the  cane  and  the  beet,  is 
developed  under  the  influence  of  this  same  matter. 

Now  it  is  obvious  that  the  use  of  Appert's  process  is  particularly 
adapted  fof  hindering  the  action  of  this  body;  since  ferments  are 
rendered  inactive  by  the  action  of  heat,  and  since  the  temperature 
of  boiling  water  is  more  than  sufficient  for  destroying  their  organi- 
zation, or  their  vitality,  if  according  to  modern  researches  we  con- 
sider them  as  vegetables.  Thus,  the  juice  of  the  cane  which  I  received 
had  remained  unaltered,  not  only  when  it  was  tested,  a  short  time 
after  the  opening  of  the  vessel  which  contained  it,  but  it  kept  sev- 
eral weeks  without  suffering  any  change  whatever. 

Its  density,  taken  with  precision,  is  1,088,  the  density  of  water 
being  1,000.  It  indicates  11^.8  by  Beaum^'s  hydrometer.  It  red- 
dens litmus  paper  so  slightly  that  its  acidity  may  be  regarded  as 
almost  nothing.  To  obtain  it  perfectly  clear  it  is  filtered  through 
unsized  paper,  and  is  then  of  a  very  pale  yellow  color. 

Under  the  persuasion  I  had  in  commencing  the  analysis,  that  it 
contained  at  least  some  of  the  numerous  matters,  in  appreciable 
quantity,  which  had  been  recognized  in  it,  I  attempted  in  the  first 

flace  to  separate  the  sugar  from  those  matters  by  the  method  which 
have  employed  for  determining  the  proportion  of  sugar  which  the 
beet  contains.  This  method  consists  in  treating  with  dilute  alcohol 
a  certain  quantity  of  the  mixture  from  which  we  wish  to  separate 
the  sugar;  decanting  the  alcohol  holding  the  sugar  in  solution  in 
preference  to  organic  or  mineral  matters  which  accompany  it;  and 
in  placing  the  liquor  thus  obtained  under  the  receiver  of  an  air 
pump,  with  a  vessel  containing  quick  lime.  The  latter,  under  the 
influence  of  the  vacuum,  absorbs  only  the  aqueous  vapor,  so  that 
at  the  end  of  several  days  the  dilute  alcohol  is  changed  into  abso- 
lute alcohol,  and  the  sugar,  which  had  been  dissolved  by  means  of 
the  water  combined  with  the  alcohol,  and  which  is  insoluble  in  abso- 
lute alcohol,  is  gradually  precipitated  in  a  crystalline  form,  as  the 
alcohol  approaches  its  maximum  degree  of  concentration. 

But  the  examination  of  the  juice  soon  showed  me  that  processes 
yet  more  simple  than  that  just  mentioned  sufliced  to  establish,  if 
not  its  nature,  at  least  the  relative  quantity  of  the  substances  of 
which  it  is  composed;  for,  by  evaporating  over  a  fire  a  certain  quan- 
tity of  filtered  juice,  until  it  attains  the  consistency  of  syrup,  we 
obtain  at  the  end  of  several  days  a  solid  and  crystalline  residuum, 
the  nature  of  which  it  is  easy  to  recognize;  this  residuum  is  almost 
pure  sugar. 

Thus  the  whole  analysis  of  the  juice  of  the  cane,  at  least  in 
order  to  fix  the  total  weight  of  the  matters  it  holds  in  solution, 
consists  in  evaporating  a  determined  quantity  in  a  porcelain  cap- 
sule, the  weight  of  which  we  have  first  ascertained,  then  to  weigh 
again  this  capsule  when  the  solid  mass  which  is  formed  ceases  to 
diminish  in  weight  by  exposure  in  a  vacuum  or  in  dry  air. 

This  same  determination  can  be  made  in  a  more  sure  manner,  if 
possible^  and  also  by  avo\A\t\^  all  intervention  of  heat.     For  this 
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purpose  we  evaporate  under  the  receiver  of  an  air  pump  a  certain 
weight  of  juice;  by  means  of  the  vacuum  and  concentrated  sul- 
phuric acid  the  liquid  is  transformed,  after  some  time,  iato  a  thick 
syrup  of  a  very  yellow  color,  which  obstinately  refuses  to  crystal- 
lize or  even  to  solidify;  but,  by  diluting  this  syrupy  product  with 
a  small  quantity  of  alcohol,  which  is  also  evaporated  in  vacuo,  we 
obtain  rapidly  a  brittle  crystalline  mass  which  is  then  weighed 
easily  in  a  state  of  perfect  dryness. 

This  singular  action  of  alcohol,  which  e£fects  the  solidification 
of <the  substances  which,  without  it,  would  remain  dissolved  in 
water,  appears  to  indicate  the  existence  of  a  very  small  quantity 
of  foreign  matter  in  the  sugar,  which  in  the  juice  is  coagulated  and 
precipitated  by  the  contact  of  the  alcohol.  We  know  how  injurious 
the  prerence  of  vegetable  albumen,  gum,  and  the  soluable  salts  is  to 
the  "crystallization  of  sugar,  even  when  these  bodies,  which  the 
alcohol  precipitates,  are  found  in  very  small  proportions  relatively 
to  the  sugar.  In  my  opinion  it  is  wrong  to  admit  the  existence  of 
a  liquid  uncrystallizable  sugar  as  constituting  a  distinct  variety. 
I  think,  and  I  hope  to  demonstrate  in  another  work,  that  this  pre- 
tended variety  always  results  from  the  mixture  of  cane  sugar  or 
grape  sugar  with  the  gummy  or  saline  matter,  or  else  with  the  pro- 
ducts of  alteration  which  these  two  kinds  of  sugar  su£fer  under 
numerous  influences;  the  contact  of  these  matters  with  the  sugar 
prevents  the  total  or  partial  crystallization  of  the  latter  body,  ac- 
cording to  the  proportions  of  the  mixtures. 

Whatever  may  be  the  opinion,  however,  that  we  adopt  on  this 
subject,  it  is  evident  that  the  juice  of  the  cane  does  not  contain 
liquid  sugar.  By  repeated  analyses  of  the  water  and  solid  products 
it  contains,  using  the  two  methods  which  I  have  just  described,  I 
found  the  juice  to  contain 

Solid  matter 21.3 

Water 78.7 


100.0 


The  examination  of  the  solid  product  which  remains  after  sepa- 
ration from  the  water,  leaves  no  doubt  as  to  its  nature;  as  I  have 
said  above,  it  is  common  raw  sugar  with  all  its  recognized  proper- 
ties. 

Nevertheless,  the  juice  contains  several  other  foreign  matters, 
of  which  it  is  important  to  determine  the  nature  and  proportion. 
Proust  observed,  and  the  fact  is  necessarily  exact,  that  the  re- 
agents which  disclose  the  existence  of  the  sulphates  and  chlorides, 
cause  precipitates  in  the  clear  juice;  the  oxalate  of  ammonia  shows 
in  it  the  presence  of  lime;  finally  alcohol  andfhe  sub-acetate  of  lead 
demonstrate  that  it  holds  in  solution  some  organic  products. 

But  it  was  evident  to  me  that  the  sum  of  these  different  sub- 
stances is  so  small  that  it  is  useless  if  not  impossible  to  determine 
the  weight  of  each  of  them,  especially  by  operating  as  I  have  done 
upon  a  small  quantity  of  juice;  I  am    also    induced    to  think  that 
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the  authors  who  have  written  upon  cane  sugar  have  greatly  exagge- 
rated the  importance  of  these  matters  and  the  injurious  part  which 
they  play,  according  to  them,  in  the  operations  which  the  juice  of 
the  cane  is  made  to  undergo  for  the  extraction  of  its  sugar.  If 
Proust,  for  example,  in  place  of  .devoting  himself  to  the  determi- 
nation of  their  nature  and  their  number,  had  first  sought  to  ascer- 
tain their  weight  or  the  total  weight  which  they  have  relatively  to 
,the  sugar,  he  would  have  seen  that  there  is  no  similarity  to  estab- 
lish, as  he  pretended,  between  cane  juice  and  the  juice  of  the  grape 
in  relation  to  the  foreign  matters  contained  in  these  liquors. 

There  are,  however,  circumstances  which  may  render  the  know- 
ledge of  the  nature  of  these  mineral  and  vegetable  salts  interesting. 
If,  for  example,  it  was  required  to  enlighten  the  planter  on  the 
quality  of  his  soil,  on  the  comparative  efficacy  of  his  manures,  &c., 
this  appreciation  of  the  salts,  elaborated  by  the  plant,  would  be« 
come  useful  and  highly  esteemed  by  him;  but  I  have  not  the  ne- 
cessary elements  for  investigating  these  various  questions. 

I  have  determined,  and  in  an  approximate  manner,  on  the  sumof 
the  mineral  or  fixed  matters  contained  in  the  juice,  by  incinerating 
in  a  platinum  capsule  the  residuum  of  the  evaporation*of  a  certain 
quantity  of  this  liquid.  Now,  170  (Tubic  centimetres  of  juice,  of 
the  density  108.8,  give  0.320  of  white  silicious  ashes  analogous  to 
those  which  are  obtained  from  the  incineration  of  the  grasses.  In 
a  second  experiment,  300  cubic  centimetres  gave  0.550  of  ashes, 
which  gives  1.7  ashes  for  1,000  of  juice.* 

I  sought  to  determine  approxiniatively  the  proportions  of  the 
vegetable  substances,  besides  the  sugar,  which  exist  in  solution  in 
cane  juice,  by  means  of  sub-acetate  of  lead,  wh?ch  we  know  precip- 
itates almost  all  organic  substances  excepting  sugar.  By  mixing 
the  juice  with  a  solution  of  sub-acelate  of  lead,  a  greenish  deposite 
of  a  complex  nature  is  found;  600  cubic  centimetres  of  juice  fur- 
nished 3.825  millegrammes  of  precipitate,  brought  to  a  state  of  per- 
fect dryness.  Now,  as  this  precipitate  leaves,  by  calcination,  62.1 
per  cent,  of  oxide  of  lead,  we  find,  in  starting  from  these  data,  that 
1,000  parts  of  juice  contain  2.3  parts  of  organic  matter,  susceptible 
of  combining  with  the  oxide  of  lead. 

Then,  by  arranging  the  analytical  results  which  I  have  just  an- 
nounced, we  can  represent  the  composition  of  the  juice  by  the  fol- 
lowing numbers. t 

Sugar 209.0 

Water 771.7  (?) 

Mineral  salts 17.0  (?) 

Organic  products 2.3 

1,000.0 

The  juice  of  the  cane,  then,  is  nothing   but  sweet  water,  almost 

•In  th?  extract   from  this  memoir,  found  in  the  Comptes  RenduSf  1  per  cent,  is  taken  for 
Ipcr  l,0()0. 
t  These  numbers  are  erroneous;  see  note  B,  above. 
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pure,  composed  of  one  part  sugar,  and  about  four  parts  water.  It 
is  doubtless  a  result  very  unexpected,  to  the  colonists  especially, 
who  have  worked  this  plant  so  long,  with  the  conviction  that  it 
•contains,  besides  the  non-crystallizaole  sugar,  many  mucous  and 
^ummy  principles,  &c.  The  existence  of  these  different  products 
IS  so  generally  admitted,  that  I  can  present  only  with  doubt  and 
hesitation  the  very  simple  results  which  I  have  obtained.  Let  me 
be  permitted,  however,  to  remark  that,  if  they*  are  inexact,  the  er- 
rors I  have  committed  arise  from  circumstances  difficult  to  appre- 
ciate. 

Admitting,  then,  the  authenticity  of  the  materials  sent  me  from 
Martinique,  which  is  certified  by  the  well  known  properties  they 
present,  as  well  as  by  the  name  of  the  person  who  sent  them,  cane 
sugar  alters  so  easily,  through  numerous  influences,  depriving  it  of 
the  property  of  crystallization,  that  if  I  had  obtained,  in  my  exper- 
iments, products  foreign  to  the  sugar,  which  'Were  liquid  and  un- 
crystallizable,  I  should  assuredlv  have  been  slow  to  admit  its  pre- 
existence  in  the  juice  submitted  to  my  examination.  But,  as  the 
fact  was  otherwise,  and  the  juice,  after  being  preserved  nearly  a 
year,  still  yielded  by  simple  evaporation,  and  without  any  particular 
treatment,  almost  all  the  solid  matter  as  crystallizable  sugar,  my  re- 
sults, however  new  and  singular  they  may  appear,  ousht  to  merit 
a  little  credit,  at  least  until  an  ulterior,  and  doubtless  the  next  veri- 
fication, annuls  them,  or  ranks  them  with  the  number  of  facts  posi- 
tively acquired  by  science. 

I  do  not,  however,  pretend  to  conclude,  from  these  analyses,  made 
on  a  single  specimen,  that  the  juice  of  the  cane  generally  contains 
21  per  cent,  of  sugar.  We  know  that  this  plant  presients  several 
distinct  varieties,  and  that  the  juice  often  presents  a  density  less 
than  11^.8  Beaume.  Its  density,  according  to  Dutrone,  varies  from 
S"*  to  14^  by  the  hydrometer. 

The  facts  and  opinions  just  developed,  which,  in  my  opinion, 
prove  the  exceedingly  simple  nature  of  the  juice,  must  naturally 
be  objected  to  when  the  daily  experience  of  the  sugar  factories 
oppose  their  adoption.  -The  juice  which  is  there  extracted  is  often 
thick,  mucilaginous,  and  always  yields  uncrystallizable  sugar  or 
molasses.     Whence  come  these  products? 

The  answer  to  this  question  is  easily  made:  they  result  from  the 
alteration  of  the  crystallizable  sugar,  which  alone  pre-exists  origi- 
nally in  the  cane. 

It  has  been  for  a  long  time  known  that  the  beet,  whose  juice  ap- 
proaches most  to  that  of  the  cane,  does  not  contain  the  least  quan- 
tity of  uncrystallizable  sugar,  although  a  large  proportion  is  al- 
ways obtained  in  the  operations  to  which  the  iuice  of  the  beet  is 
submitted  in  the  home  manufacture.  By  analogy,  we  might  pre- 
sume that  it,  ought  to  be  the  same  with  the  juice  of  the  cane,  and 
with  much  more  probability,  as  the  sugar  of  this  plant  is  much 
easier  to. extract  than  the  sugar  of  the  beet.  My  analyses  tend  to 
confirm  this  view. 

Molasses  is  also  produced  by  the  alteration  which  the  sigar  un- 
4iergoes  in  the  operations  to  which  the  cane   and  the  beet  are  sub- 
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mitted.  Though  all  the  improvements  which  have  been  made  is 
the  art  of  manufacturing  sugar  are  intended  to  avoid  or  diminish 
this  alteration,  the  causes  from  which  it  arises,  it  must  be  granted, 
are  not  yet  well  known  or  well  appreciated.  In  another  work,  I 
shall  develope  the  opinion  which  I  have  formed  on  this  subject,  ia 
consequence  of  my  researches  .on  the  chemical  properties  of  sugar. 

Yet,  in  spite  of  th^  insufficiency  of  exact  observations  on  this 
point,  which  is  so  important  in  the  making  of  sugar,  every  one 
agrees  to  attribute  to  two  principal  causes  the  formation  of  uncrys- 
tallizable  sugar,  or  molasses.  These  causes  are,  1st.  The  ferment- 
ation of  the  juice;  and  2d.  The  ill-directed  action  of  the  heat  dur- 
ing the  evaporation  of  the  water  which  it  contains. 

The  vexatious  rapidity  with  which,  even  in  our  climate,  the  ex- 
pressed juices  of  sweet  vegetables  ferment  is  well  known.  It  is 
also  known,  from  incontestible  experiments,  that  a  sweet  liquid 
becomes  unfitted  to  furnish  the  sugar  it  contains,  in  the  crystalline 
form,  from  the  fact  that  it  has  commenced  to  ferment.-  Finally;  I 
have  made  known  in  a  preceding  memoir  the  intense  and  rapid  de- 
composing action  which  the  alkalies,  and  lime  particu^larly,  exert 
on  fruit  sugar,  originating  under  the  influence  of  fermentation,  and 
which  is  then  transformed  iilto  the  brown  matter  which  colors  mo- 
lasses. 

Now,  the  information  which  we  possess  of  the  colonial  opera- 
tions, induces  the  belief  that  the  fermentation  of  cane  juice,  ren- 
dered so  easy  by  the  elevated  temperature  of  the  atmosphere,  is 
for  the  manufacturer  an  ordinary  and  almost  daily  phenomenon. 
The  juice,  as  it  appears,  becomes  so  frequently  viscous  and  thick 
that  we  confound  this  accident,  due  to  the  production  of  that  gum- 
my matter  mentioned  by  Vauquelin,  with  the  natural  character  and 
normal  properties  belonging  to  the  juice  in  a  healthy  state. 

Moreover,  the  apparatus  employed  for  receiving  the  expressed 
juice  adds  to  the  circumstances  already  too  favorable  for  fermenta- 
tion. The  boiling  apparatus  generally  adopted  for  the  working  of 
the  cane  is  composed  of  several  pans  heated  by  one  fire;  the  pan 
furthest  from  the  fire  is  that  which  receives  the  juice  as  soon  as  it 
is  taken  from  the  mill,  or  the  first  reservoirs;  it  remains  in  this  pan 
until  it  is  evaporated  to  a  certain  level;  then  it  passes  into  the  se- 
cond, where  it  is  defecated  by  the  lime;  in  the  pan  nearest  the  fire 
the  boiling  is  finished. 

As  well  as  we  can  judge,  at  so  great  a  distance,  the  arrangement 
of  this  apparatus  and  mode  of  operation  seem  very  faulty.  For  it 
appears  that  the  juice  is  submitted  too  long  to  a  mean  temperature 
of  30*^  to  40°,  and  this  temperature  tends  to  render  still  more  ac- 
tive the  fermentation  which  is  already  developed  too  easily. 

But  it  is  especially  owing  to  the  badly  distributed  action  of  the 
heat  upon  the  juice  that  this  system  of  apparatus  is  fauhy;  for  the 
heat  to  which  the  juice  is  submitted  is  as  much  stronger  as  the 
juice  becomes  more  concentrated.  Now,  as  the  sugar  itself  be- 
comes as  much  more  alterable  by  the  fire,  as  it  is  dissolved  in  a 
less  quantity  of  water,  the  conditions  are  fulfilled  in  such  a  man- 
ner  as  to  burn   or   caramelize   a   considerable   portion   of   sugar. 
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These  bad  arrangemeDts,  and  above  all  the  loss  of  the  juice  in 
crushing  the  canes,  explains  how  it  is  that  the  sugar  planter  ob- 
tains, at  the  most,  for  100  per  cent,  of  cane,  only  from  8  to  6  per 
cent,  of  brown  sugar  and  2  to  3  of  molasses,  while  the  plant  con- 
tains 18  per  cent,  of  pure  sugar. 

Every  one,  then,  must  acknowledge  that  there  are  important  im- 
provements to  be  made  in  this  industry.  Without  pretending  that 
it  is  necessary  to  apply  the  boiling  apparatus,  more  or  less  ingeni* 
ous,  which  have  been  invented  in  France,  nor  even  that  it  is  ne- 
cessary to  renounce  the  direct  action  of  the  fire  on  the  evaporating 
pans,  I  believe  that  a  sensible  increase  in  the  yield  of  sugar  would 
be  obtained  if  the  apparatus  in  use  were  arranged  in  the  inverse 
order;  by  boiling  the  juice  rapidly  as  soon  as  it  leaves  the  mill: 
^the  subsequent  fermentation  would  be  prevented;  the  fermenting 
principle  beinff  once  destroyed,  about  60^  or  70°,  it  could  be  work- 
ed more  slowly  with  perfect  security.  The  well  preserved  juice 
used  in  my  experiments  had  undergone  no  other  preparation.  .       ' 

The  juice,  then,  should  pass  first  into  the  pan  exposed  to  the 
immediate  action  of  the  heat,  and  placed  over  the  fire;  the  defe^ 
cated  juice  should  pass  successively  into  the  others  by  following 
the  inverse  order  to  that  now  followed;  the  boiling  should  be  ter- 
minated in  the  pan  furthest  from  the  fire.  Such  is  the  principle  on 
which,  it  appears  to  me,  the  construction  of  the  sugar-house  appa- 
ratus should  rest;  as  to  the  applicatipn  of  this  principle,  and  the 
practical  difficulties  which  it  would  present,  they  are  not  to  be 
considered  here. 

I  said  above  that  M.  Gradis,  besides  the  juice  just  discussed,  had 
sent  me  from  Martinique,  a  few  kilogrammes  of  canes  dried  in  an 
oven  at  60°.  According  to  the  note  sent  by  him  to  me,  M.  Peraud 
obtained  from  24  kilogrammes  of  fresh  canes  7^  kilogrammes  of 
dried  canes.  They  contained,  consequently,  68.7  per -cent,  of  wa- 
ter. But  their  drying  was  not  complete,  for  by  exposing  them  in 
a  stove  at  a*- temperature  of  100  degrees  cent.,  they  still  lost  from 
9  to  10  per  cent,  of  water. 

According  to  these  data,  fresh  sugar  cane  consists  of: 

Water 72.0 

Solid  matter 28.0 


100.0 


These  numbers  present  only  an  approximation,  since  they  are 
based  on  an  experiment  made  in  Martinique  un'der  circumstances 
which  admitted  of  no  great  degree  of  precision;  yet,  the  examina- 
tion of  these  canes  ought  to  furnish  exact  indications  of  the  relative 
proportions  of  the  sugar  and  the  woody  tissue  which  almost  en- 
tirely compose  the  dry  cane.  On  the  other  hand,  having  by  the 
analysis  of  the  juice  the  natural  ratio  existing  between  the  water 
and  the  sugar  in  the  canes  from  the  same  soil,  I  obtain,  by  com- 
bining these  two  analyses,  the  elements  for  establishing  the  compo- 
sition of  fresh  cane. 


[50] 


602 


Dried  canes  are  composed  of: 

Products  soluble  in  water 64.7 

Insoluble  matter 35 . 3 


100.0 


These  numbers  were  obtained  by  washing  with  warm  water  the 
dried  canes  cut  afresh;  we  know  that  the  insoluble  product  is 
formed  of  the  woody  structure  of  the  plant;  the  analysis  of  the 
juice  proves  that  the  other  part  consists  almost  entirely  of  sugar. 

The  composition  of  the  fresh  c&ne,  deduced  from  the  preceding 
analysis  and  that  of  the  juice  which  is  the  natural  sqlntion  of  these 
soluble  products,  is  then  expressed  by  the  following  numbers: 

Water.: 72.1 

Sugar 18.0 

Woody  fibre ■ 9.9 

100.0 

I  suppress  the  weight  of  the  organic  and  mineral  salts  which  is  too 
small  to  be  of  .any  account  in  an  analysis  of  this  kind. 

I  have  just  admitted  that  the  dry  canes  contain  64.7  of  soluble 
principle  or  sugar.  I  ought  to  offer  some  observations  on  the  man- 
ner in  which  this  result  was,  obtained.  By  washing  these  canes 
with  water,  as  I  did,  they  lost  64.7  per  cent,  by  weight;  but  by 
evaporating  the  solution  it  was  impossible  to  obtain  all  the  dis- 
solved products  in  a  state  of  crystalJizable  sugar;  there  always  re- 
mained, on  the  contrary,  a  large  proportion  of  liquid  sugar.  This 
alteration  of  a  part  of  the  sugar  contained  in  the  dried  .canes  may 
be  attributed  to  different  causes;  either  they  had  been  cut  in  too 
large  pieces,  or  that  the  crowded  tissue  of  the  plant  opposed  the 
disengagement  of  the  water  by  heat  before  the  sugar  had  under- 
gone a  partial  decomposition;  or  the  drying  had  been  made  at  an 
unequal  temperature,  too  low  or  too  high;  it  is  certain  that  the  so- 
luble product  which  they  furnish  does  not  crystallize  even  under 
the  same  circumstances  as  the  syrup. 

The  measures  I  have  taken  to  establish  the  composition  of  fresh 
cane  are  not  the  less  to  be  relied  upon,  since  the  examination  of 
the  juice  shows  that  these  64.7  of  soluable  products  were,  if  they 
are  no  longer  crystallizable  sugar. 

The  washing  of  these  canes,  evidently  altered,  is  not,  however, 
an  operation  easy  to  execute.  I  think  that  it  cannot  be  done  in  the 
displacement  apparatus  analogous  to  those  which  serve,  or  which 
could  serve  for  the  levigation  of  the  dry  beet;  the  spongy  and  re- 
sisting condition  of  the  tissue  renders  this  operation  profitless,  at 
least,  if  the  cane  has  not  first  been  reduced  to  a  fine  powder.  With- 
out this  condition,  it  is  necessary  to  employ  pressure,  in  order  to 
obtain  the  sweet  liquid  which  it  has  retained  after  a  first  wash- 
ing with  water. 

These  different  circumstances,  in  my  opinion,  render  deceitful  the 
drying  of  cane  as  a  new  method  for  extracting  sugar.     I  shall  not 
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discuss  here  all  the  reasons  which  render  the  process  of  drying  ad- 
vantageous in  certain  cases  for  the  beet,  useless  on  the  contraryi 
and  perhaps  hurtful  to  the  sugar  cane.  But,  as  it  has  been  in  con- 
sideration latterly  to  send  from  the  colonies  dried  canes,  for  the 
purpose  of  extracting  the  sugar  from  them  in  France,  I  have 
oriefly  advocated  the  principal  causes  which  are  opposed,  in  my 
opinion,  to  the  economical  treatment  of  this  contemplated  colonial 
commodity. 

Fresh  sugar  cane,  according  to  the  preceding  results,  contains 
ninety  per  cent,  of  juice;  this  is  not  a  new  fact,  but  one  to  which 
the  colonists  have  never  attached  the  importance  which  it  merits; 
it  is  certain,  indeed,  that  the  means  which  they  employ  for  crush- 
ing the  cane  and  extracting  the  juice  from  it  are  far  from  furnish- 
ing this  quantity;  it  appears  that  the  best  constructed  and  most 
powerful  mills  give  fifty  per  cent,  of  juice;  in  most  factories  the 
yield  is  less;  there  is  obtained  then,  at  the  most,  one-half  of  the 
product  indicated  by  theory. 

It  is  difficult  to  collect  precise  information  on  this  subject,  be- 
cause it  exacts  an  examination  and  attention  which  it  is  not  cus- 
tomary to  demand  from  the  colonial  industry.  However,  a  phar- 
maceutist, of  New  Orleans,  M.  Avequin,  who  made  some  conscien- 
tious researches  on  sugar  cane,  (researches  which  I  have  not  men- 
tioned above,  because  they  were  made  to  confirm  the  ideas  of 
Dutrone  and. Proust,  on  this  plant;  he  finds  seventeen  different  com- 
ponents, and  admits  that  it  contains  uncrystallizable  sugar.)  M. 
Avequin,  I  say,  has  deemed  it  desirable  to  establish,  by  a  series  of 
experiments,  the  quantity  of  juice  obtained  in  sugar  houses.*  Ac- 
cording to  him,  one  thousand  parts  of  Otaheite  cane  passed  through 
a  first  class  mill,  (West  Point  foundry,)  gave  560  of  juice  and  440 
of  begassa — the  mean  of  five  experiments;  one  thousand  parts  of 
ribbon  cane^  passed  through  the  same  mill,  yielded  472  of  juice  and 
528  of  begassa. 

"Now,"'  adds  M.  Avequin,  "one  thousand  parts  of  cane  contain 
907  pounds  of  juice;  then  the  loss  in  juice  by  working  is  407,  and 
is  equivalent  to  a  loss  in  sugar  of  64.08.  A  planter  who  makes 
annually  300  hogsheads  of  sugar  would  obtain  544,  if  he  could  ex- 
tract all  the  juice  which  the  cane  contains." 

The  harmony  which  exists  between  the  results  of  M.  Avequin 
and  my  own  will  be  remarked  for  the  proportions  of  the  juice  and 
the  woody  parts  which  the  cane  contains.  It  is  then  very  evident 
that  this  important  part  of  the  colonial  industry — the  extraction  of 
the  juice,  leaves  much  to  be  desired,  by  admitting  even  that  the 
hard,  and  at  the  same  time  spongy  tissue  of  the  plant  which  pre- 
vents the  crushing  by  mills  more  powerful  still  than  those  which 
are  used,  does  not  furnish  a  yield  superior  to  that  which  is  obtained; 
we  could  doubtless  diminish  the  enormous  loss  which  is  experienced 
in  the  actual  system,  by  plunging  the  begassa  on  leaving  the  mill 
into  cold  water,  or,  better  still,  into  boiling  water,  and  then  press 


*  Jo'jrnal  de  Chimie  Mudicale,  Tome  XII.  page  132. 
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them  a  second  time.  Perhaps,  also,  drying  in  the  sun,  succeeded 
by  methodical  washings,  could  be  used  on  the.begassa  already  torn 
and  dried  by  the  crushing,  to  which  it  has  once  been  submitted. 

In  short,  we  see  how  fruitful  in  profitable  consequences  the  facts 
which  precede  are  to  the  practice  of  the  colonial  sugar-houses. 
May  they  at  last  profit  by  the  precepts  which  science  has  furnished 
them,  and  by  the  riches  which  nature  has  lavished  on  them.  I  do 
not  hesitate  to  say,  in  conclusion,  that,  in  my  opinion,  if  the  beet 
was  cultivated  in  the  colonies  it  would  not  furnish  sugar  by  the 
processes  which  are  employed  the^e  for  working  the  sugar  cane; 
and,  if  this  last  plant  could  exist  in  France,  the  quantity  of  sugaii 
which  we  know  can  be  extracted  from  it,  would  soon  reduce  this 
aliment  to  a  price  accessible  to  all  classes  of  the  population. 


Report  on  a  memoir  of  M.  E.  Pcligoty  entitled  ^^ Researches  on  the 
chemical  composition  of  the  sugar  cane  of  Martinique. ^^  Com- 
mitteej  MM.  Robiquet^  Pelouze^  M.  Thenardy  reporter. 

* 

At  all  times,  researches,  having  for  their  object  the  exact  deter- 
mination of  the  di£ferent  quantities  of  proximate  principles  in  the 
sugar  cane,  would  have  fixed,  in  an  esj)ecial  manner,  puolic  atten- 
tion; but  now  they  acquire  a  new  degree  of  interest  from  the  cir- 
cumstances by  which  we  find  ourselves  surrounded. 

M.  P6Iigot,  then,  deserves  praise  for  having  undertaken  them^ 
the  more  so  as  he  has  rectified  some  errors  very  injurious  to  the 
important  art  of  extracting  sugar  from  the  cane. 

,The  authors  who  have  been  engaged  in  analysing  cane  juice  re- 
garded it  as  \^ater  holding  in  solution  sugar,  gum,  albumen,  mu- 
cilage, a  kind  of  soapy  matter,  acids,  and  various  salts;  a  liquid  of 
a  very  complex  nature.  Hence  arose  the  difficulty  of  extracting 
the  sugar. 

M.  Peligot  shows,  on  the  contrary,  that  the  filtered  juice  is 
formed  of  four  parts  of  water  and  one  part  of  crystallizable  sugar; 
that  it  is  only  sweetened  water,  or  at  least  that  the  saline  or  or- 
ganic substances  which  we  find  in  it  are  equivalent  only  to  jjjg  of 
its  weight. 

Then,  seeking  how  much  juice  the  cane  contains,  he  found,  with 
M.  Avequin,  that  it  contained  90 per  cent.;  but,  as  it  contains  one- 
fifth  pf  sugar,  it  follows  that  the  cane  ought  to  contain  18  per  cent., 
a  quantity  much  greater  than  that  heretofore  admitted. 

How  does  it  happen  that  the  manufacturers  obtain  only  from  six 
to  eight  per  cent,  of  sugar,  and  three  to  two  of  molasses,  for  100 
per  cent,  or  juice,  and  even,  according  to  M.  De  Jabrun,  a  delegate 
from  Guadaloupe,  the  yiel(j  of  sugar  is  only  four,  and  of  molasses 
only  1.7?  It  is  because  the  mill  extracts  only  fiveninths  of  the 
juice,  according  to  the  information  j^iven  to  M.  Peligot  and  M. 
Avequin,  and  only  two-fifths  according  to  M.  De  Jabrun. 

In  all  cases  it  is  now  well  established  that  a  large  quantity  of 
sugar  remains  in  the  crushed  cane,  and  is  burnt  with  the  begassa. 
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Would  it  not  be  possible  to  extract  some  from  it  by  placing  the 
crushed  cane  in  contact  with  water  near  its  boiling  point? 

On  the  other  hand,  it  is  certain  (and  all  chemists  agree  to  it)  that 
the  processes  of  evaporation  and  of  boiling  are  very  imperfect,  and 
give  rise  to  much  molasses. 

M.  P61igot  operated  only  on  one  quality  of  juice,  and  on  one 
kind  of  cane  which  he  owes  to  the  kindness  of  M.  Gradis,  a  mer- 
chant of  Bordeaux.  The  juice,  according  to  his  direction,  had 
been  preserved  by  Appert's  process,  and  the  cane  dried  at  60®,  by 
M.  P^raud,  a  pharmaceutist,  who  had  taken  care  to  weigh  it  before 
and  after  the  drying.  The  whole  arrived  in  a  state  of  perfect 
preservation. 

Probably  in  operating  on  other  canes  and  other  juice  results  a 
little  different  would  be  arrived  at. 

However  that  may  be,  according  to  M.  Peligot,  the  cane  con- 
tains more  sugar  than  we  suppose. 

A  great  quantity  of  sugar  remains  in  the  begassa. 

The  juice  is,  so  to  speak,  only  suffar  and  water. 

The  boiling  of  the  juice  is  performed  by  very  imperfect  pro- 
cesses. 

There  is  reason,  then,  to  hope  that  important  improvements  will 
be  made  in  the  art  of  extracting  the  sugar  from  the  cane,  and  that 
we  shall  thus  be  able  to  extract  from  it  much  more  sugar  than  by 
the  processes  which  have  been  used  until  now. 

We  think  that  the  memoir  of  M.  Peligot  is  worthy  the  approba- 
tion of  the  academy,  and  that  it  merits  to  be  printed  in  the  Recuil 
•des  savans  etrangers. 

The  conclusions  of  this  report  are  adopted. 


NOTE  E. 


On  the  method  by  desiccation  of  Mr.   Schutzenbach^  and  the  yield 

of,  the  cane  in  juice. 

In  the  third  of  the  preceding    reports  I   have  repeatedly  spoken 

unfavorably  of  the  method  by  desiccation.     (See  art.  30,   chap.  1, 

and  arts.  9  and  18,  chap.  2.)     The  following   facts  and  views  are, 

therefore,  presented  in  order  to  do  justice  to   this  interesting  sub- 

*  ject. 

Although  the  results  of  the  industrial  experiment,  which  was 
tried  on  a  large  scale  in  the  island  of  Guadaloupe — of  which  I 
have  been  unable  to  obtain  any  authentic  information  beyond 
what  is  stated  (see  note  C)  by  Mr.  P61igot  in  his  report  to 
Admiral  Duperr6 — have  doubtless  settled  the  question,  whether 
dried  pieces  of  cane  can  be  exported  from  the  West  Indies,  and  sugar 
extracted  from  them  profitably  in   Europe;*  and   although  the  ex- 

*  la  the  Sagai  Planter's  Manaal.  Dr.  Evans  says  :  '*'  It  was  proposed  a  few  years  ago  to 
cut  the  caneb  into  thin  slices,  which  were  to  be  dri^d,  either  in  the  aim  or  by  meana  oCacU(i? 
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periments  of  MM.  Dupuy  and  P^ligotj  as  well  as  my  own,  teni 
show  that  dried  cane  is  liable  to  rapid  deterioration  by  fermeiita 
tion,  if  kept  for  any  length  of  time;  stilly  there  is  a  question  we| 
worthy  of  consideration^  which  may   hereafter    excite  much  att€i 
tion,  if  it  has  not  done  so  already^  and  which  can  only  be  decidi 
by    trial   upon  a  manufacturiDg  scale:  can  the  method  which  Mfl 
Sehuti^enbach  has  introduced  into  the  beet  sugar  industry,    or  soi 
analagous  procesa^  be  employed  advantageously  in  the  riTal  indu 
try  of  the  cane  ? 

That  method  appears  to  ha¥e  gone  into  operation  in  Germany  to  i| 
extent  which  i?,  indeed,  vast  and  astonishing.  And  it  seems  to  be  ii 
the  highest  degree  probable  that  the  quantity  of  beet  sugar  produce! 
on  the  continent  of  Europe  will,  by  reason  of  this  new  method,  hi 
come  so  great  that  the  value  of  cane  sugar  may  be  considerably  r< 
duced.     Doubtless,  increased  consumption  and  the  recent  pseudo 
philanthropic  liberation  of  negroes  in  the  West  Indies,  will  hare 
counteracting   effect*     Still,  to   obtain  a  larger  amount  of  siigai 
from  the  same  quantity  and  kind  of  canes,  of  better  quality  and  a^ 
less  cost  of  production,  must,  under  any  circumstances,   be  an  obi 
ject  of  chief  importance  to  the  American  planter* 

In  Louisiana,  the  planters  have  to  contend   with  such  great  dis 
advantages,  that  what  might  be  perfectly   practicable  in    Cuba,  iS 
impossible  there.     Some   of  these   disadvantages  are  set    forth  Sfi 
justly  and  forcibly  by  one  of  their  number,*    Mr*  Valcour   AimeJ 
that  I  here  quote  his  language:  ^*  Canes  in  Cuba  ripen  during  four' 
teen  or  eighteen  months,   and  require   no   ploughing,  no  ditchinj 
and    hardly  any  weeding;  their   rattoons  last  fifteen   and  twent] 
years.     Here,  after  having  tilled  our  soil  in  a  manner  that   no  far'n 
mer  in  the  United  Slates  would  be  a^ihamed  of,  we  must  get  sugai 
out  of  our  canesj  on  an  average,  eight  months  after  they  have  comi 
out  of  the  ground  J  and  we  must  re- plant  every  second  year-     Thei 
grind  six  months  in  the  year;  we  can  hardly  calculate  on  half  that 
time  to  get  tRrough  our  crops,   and  most,  therefore,   manufacturl 
oHf  sugars  twice  as  fast  as  they  do  theirs.     With  all  tbes^  disad^ 
Tantages  on  our  side,  and  many  more,  ^hich  it  would  be  too  tedij 
ous  to  mention,  our  planters  make  fully  as  many  pounds  of  sugaf 
to  the  working  hand   as   can   be   made  in  Cuba.     This  sbowB  con- 
clusively that  we  are  not  in  the  arrear,  as  Mr*  McCuUoh  seems  tc, 
think*     There  is  no  branch    of  Industry   in  the  United  States  foi{ 
which  more  mone^*  is  expended    every   year>  in  experiments,  than 
for  the  sugar  manufacture  of  Louisiana.     If  methods  are  adopted 
which  may  in  many  respe*Us  be  considered  faulty,  it  is  not  because 
our  planters  know  no  better,   but   because  ihey   are   compelled  bj 
our  climate   to  adopt    the  most  expeditious    means  of  operation* 


^\ti]  h«att  Rnd  then  forwarded  to  Eompe  for  tlio  ptirpcises  of  manuraeture.    Tin*  sebemeira*^ 
tn«il  to  Guadalmifi'         '        mighi  be  imagttied,  faiUd*    DecaxnpoflitfOfi  of  cbe  OEiiict  com* 
mriiifcd  &tk  board  ■  i  armal  in  France,  the  whda  of  ibeir  fcugar  wai  4lfit<r«f«d. 

M--- ift^--  -1  ^  lerrecilf  j^---"  -^"^^,  the  trouhlo  and  ejciieu»e  attoDtiiDf; 

%\i'  coupled  'A  JLtbnal  fre^bti  reuder  it  qncitMiBj^* 

•  Bm  J>c  Bow 'a  Review,  Mwcb,  1^8,  vol.  fi,  r»*g«  ^1* 
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The  great  question  with  us  is  not  bow  to  make  the  finest  sugar  and 
how  to  make  the  most  of  it,  but  how  to  make  it  fast  enough;  we 
know  that  frost  may  soon  prevent  us  from  making  any  at  all.  This 
is  the  reason  which  has  prevented  the  planters  of  Louisiana  from 
adopting  generally  the  improved  processes  for  making  sugar;  most 
of  the  ameliorated  machinery  operates  too  slowly  to  save  our 
crops,  and  the  perfected  apparatus  which  are  not  liable  to  that 
fault,  are  within  the  reach  of  very  few  fortunes.  Although,  on  ac- 
count of  our  working  more  and  better  than  the  Cuba  planters,  we 
make  as  much  sugar  as  they  do." 

To  what  extent  th^e  and  other  comparative  disadvantages  would 
operate  to  prevent  the  use  of  the  method  of  desiccation  in  Louis- 
iana no  one  can  say  positively,  and  experienced  'planters  of  that 
State  alone  must  judge.  Juice  from'  canes  of  eight  months' growth 
is  much  more  impure  than  that  of  mature  canes;  and  this  difference 
of  chemical  composition  would  certainly  give  rise  to  correspond- 
ing differences  in  results,  if  trial  were  made  of  that  method,  in  the 
West  Indies  and  in  Louisiana,  under  similar  circumstances.  Per- 
fect similarity  of  circumstances  would  not  be  practicable,  however, 
by  reason  of  the  difference  of  climate.  Yet,  in  Louisiana,  the  low 
temperature  of  the  winter  months  would  tend  to  prevent  fermenta- 
tion, and  thus  in  a  measure  compensate  for  the  inferiority  of  the 
raw  material.  Experiments,  upon  a  scale  of  sufficient  magnitude 
to  decide  this  question,  without  causing  serious  loss  in  any  in- 
stance, might  be  tried  by  some  of  the  planters;  and  the  information 
thus  obtained  would  certainly  be  highly  interesting,  if  not  im- 
portant. 

But  if  the  method  of  desiccation  be  impracticable,  or  if,  for  any 
reason  whatever,  it  be  deemed  inexpedient  to  modify  the  present 
mode  of  working  very  greatly,  the  question  arises  whether  or  not 
the  yield  of  the  cane  cannot  be  much  increased  by  some  modifica- 
tion of  the  method  of  rolling. 

In  my  third  report  I  stated  that  **  I  have  no  authentic  data  from 
which  I  can  determine  the  yield  usually  obtained  in  Louisiana.'' 
Since  that  statement  was  made,  a  valuable  paper  from  the  pen  of 
J.  P.  Benjamin,  esquire,  appeared  in  De  Bow's  Review  for  January, 
1848,  from  which  1  make  the  following  extract: 

"The  first  great  object  of  the  planter  who  is  about  to  manufac- 
ture the  crop,  which  forms  the  whole  return  for  the  labors  of  the 
year,  is,  undoubtedly,  to  extract  from  the  cane  all  the  juice  that 
it  contains.  Unfortunately,  no  means  have  yet  been  devised  by 
which  this  end  can  be  completely  obtained,  and  the  begassa,  as  it 
leaves  our  best  constructed  mills,  carries  with  it  from  one  third  to 
one-fourth  of  the  juice.  However  improbable  it  may  appear,  it  is 
nevertheless  certain,  that  the  fluid  contents  of  a  cane  form  from 
88  to  90  per  cent,  in  weight  of  the  entire  structure  of  the  stem, 
and  I  have  taken  some  pains  to  ascertain  during  the  present  season 
the  yield  of  juice  from  our  mills  of  ordinary  construction.  I  found 
the  yield  from  the  three-roller  mill  of  average  size,  and  run  at  a 
speed  of  3J  revolutions  per  miiiute,  to  be  sixty-one  per  cent.;  whilst 
from  another  of  ^ery  large  size,  of  which  the  rollers  were  5.^  feet 
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in  length  anJ  28  inclies  to  diameter^  ami  which  was  ran  at  a  speeiL 

of  only  2|  rerolutloo^  per  minute,  the  yield  was  sixty-six  per  cent,! 

the  begassa  being  deUvered  from  the    latter  almost  pulvcristad  anj 

apparently  dry..  These   results  are  undoubtedly  much  nior«  sttisi 

factory  than  would  have  been  afforfjed  ?om€  years  ago,  sfillj  ihtM 

shoWjtbat  after  all  the  c^re  bestowed  in  raistng  our  crops,  from  oqm 

[      faurth  to  one-third  of  our  produce  is  absolutely  lostj  and  if  wm 

\     take  w*hat   I   believe  to  be  a  fair  average  of  the  yield  of  juice  id 

sugars,  that  is,  if  we  assume   that  one*Unth  of  the  weight  of  th« 

I     juice  is  the  product  in  crystaJiized  sugar,  we  find  that  we  obtaim 

[     ealy  about  6^  per  cent,  of  the  weight  of  the  caoe  in  siigar^  where4 

I     as  chemical  analysis  shows  that  it  contains  \8  per  cent,  '  I 

[         Mr,  Benjamin  remarks,  that  ^'the   very  spongy  consistency  on 

the  pith  of  the  cane  present^  an  obstacle  to  the  extraction  of  alB 

its  juice  by  compression  that  is  apparently  insurmountable,  and  fhm 

I      very  interesting  inquiry  at  once  suggests  itself— are  there  no  otheri 

r     means  by  which  all  the  fluid  contents  of  a  cane  can  be  obtained ij 

That  this  can  bedoneona  small  scale  in  the  laboratory  is  well  known  J 

but  the  difficulty  is  to  effect  the  object  on  the  large  scale,  and  with^ 

I     the  rapidity  required  on  a  plantation  during  the  grinding  season*] 

A  patent  was  taken  out  in  England  not  long  since,  by  a  Mr*  MichielJ 

for  extracting  the  sugar  from  the  cane  bj  an  entirely   new  procesa 

thus  described  and  commented  on  in  the  Sugar  Planters'  Manual  :^*1 

*^It  consists  in  cutting  the  canes  into  extremely  tbin  slices,  nnM 

L     then  submitting  them  to  the  action  of  a  mixture  of  lime  and  waterJ 

[     which  it  is  presumed  will  coagulate  and  render  insoluble  the  whol^ 

I     of  their  nitrogeni^ed  constituents;  thus  permitting  the  extract^on^ 

I     of  the  whole  of  the  sugar  with  the  soluble  salts  by  means  of  wa-j 

ter."  ^  1 

I         ^^  Were  this  process  as  practicahU  as  its  admirers  seem  to  ihtnkA 

I    it  ought ^  unquestionahli/f  ic  be  univirsaity  adopted;  yor  I  frc/ietrtfj 

[    that  were  it  skllfuily  carried  out^  almost  the  whole  vj  the  sacchaA 

r    fine  mailer  in  the  cane  would  to  a  certainty  be   extracted^     It  re-l 

[     mains,  however,  to  be  seen  whether  it  is  really  so  practicable,  orJ 

f     whether  its  application  will  be  sufficiently  cheap.  I  much  fear  tbatJ 

[    the  circular  knives,  by  which  the  canes  are  to  be  sliced,  if  we  may^l 

f     judge  from  what  occurs  in  the  slicing  of  the  beet  root,  will  be  sub*j 

[    ject  to  continual  derangement,  and  their  edges  blunted  by  the  sili-l 

[     cious  coating  of  the  cane.     It  may  be  doubted  whether  the  opera-  j 

I     tion  will  prove  a  sufficiently  speedy  one  to  admit  of  its  adoption  J 

on  large  estates.     The  amount  of  evaporation  demanded  would  alffol 

[     be  great.     Tbis^  it  is  true,  may  be  obviated  by   placing  the  canesi 

[     thus  sliced  in  a  succession  of  boxes   having   perforated   bottoms,  I 

I     and  placed  one  over  the  other  in  such  a  manner,  that  boiling  water] 

L    poured  into  the  upper  one  will  gradually  percolate  through  each  of  1 

ibe  subjacent  oneSi  and  thu?,  by  robbing  the  canes  successively  of  I 

f    the  greater  portion  of  their  sugar,  the   saccharine  liquid  will  be- J 

L    come  gradually  more  inspissated   as  it   descends,   until,  when  it] 

L   comes  away  from  the  lowest  box,  it  will  have  assumed  the  state  of  | 

K  a  syrup  of  considerable  density."  ] 
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To  this  quotation  from  Evans's  excellent  work  Mr.  Benjamin  bim- 
'Self  adds : 

**  Allow  me  to  inform  you  that  I  have  from  reliable  authority 
ascertained  that  the  process  of  Michiel  has  actually  been  put  in 
operation  on  a  large  scale  in  the  island  of  Martinique,  and  with 
great  success,  and  has  there  caused  a  yield  of  from  11  to  12  per 
cent,  of  the  weight  of  the  cane  in  sugar,  on  estates  which  had  pre- 
viously produced  but  six  and  a  half  per  cent.  I  have  not  learned 
whether  the  maceration  is  with  hot  or  cold  water,  nor  whether  if 
with  the  former  the  sugar  is  delinquescent  by  reason  of  the  presence 
of  pectine  in  the  juice. *' 

And  after  describing  a  proposed  apparatus,  consisting  of  a  series 
of  cisterns,  for  the  systematic,  continuous  and  complete  extraction 
of  the  juice  by  maceration,  as  in  the  beet  sugar  industry,  Mr.  B. 
concludes: 

That  ^*if  an  apparatus  on  this  or  similar  principles  could  ba  car- 
ried into  operation  on  a  large  scale,  a  scale  sufficient  to  take  off 
the  crop  of  the  most  extensive  plantations,  its  results  would  be 
enormous;  the  whole  sugar  crop  of  the  State  would  be  at  once 
doubled,  and  the  inventor  would  reap  the  richest  rewards  for  the 
lime,  labor  and  talent  expended  in  perfecting  it." 

I  may  here  observe,  that  lime  converts  pectine  into  a  gelatinous 
but  insoluble  pectate  of  lime,  by  a  peculiar  transformation  which 
Dumas  and  others  have  called  pectic  fermentation;  in  the  use  of 
the  process  of  Michiel  no  trouble  should,  therefore,  arise  from  the 
existence  of  pectine  in  the  pulp  of  the  cane. 

At  present,  however,  and  until  some  such  method  a3  that  of  Mi- 
chiel, or  that  of  Schutzenbach,  shall  have  become  thoroughly  tried 
and  fully  established,  '^it  must  be  admitted,"  as  Dr.  Evans  remarks, 
^^that  the  only  means  which  have  been  sufficiently  tested  to  giye 
us  the  confidence  we  have  a  right  to  demand,  for  obtaining  the  sac- 
charine fluid  from  the  cane,  is  the  mill.  We  must,  therefore) 
attempt  to  the  utmost  of  our  power  to  correct,  at  least  in  some 
measure,  its  present  imperfections,  or  rather  the  imperfect  re- 
suits  obtained  by  it." 

All  that  this  gentleman  has  written  upon  this  subject  is  well 
worthy  of  the  careful  attention  of  every  planter;*  and  the  rules 
which  he  gives  for  rendering  a  mill  as  efficient  as  possible  also 
deserve  experimental  trial.     Me  says  : 

^'  In  the  island  of  Madeira  I  obtained  at  two  different  times  by 
thesame  mill,  and  from  canes  of  similar  character  and  quality,  47.6 
and  70.2  per  cent,  of  juice.  The  mill  was  a  small  one,  made  at 
Aberdeen  about  two  years  previously,  on  the  ordinary  principle) 
with  horizontal  rollers,  and  the  motive  power  was  cattle.  During 
the  fcxperiinent,  which  furnished  the  la^t  and  largest  result,  the 
rollers  were  braced  more  than  usually  tight,  an»l  the  number  of 
canes  introduced  at  a  time  were  five  or  six,  being  the  utmost  that 
the  strength  of  the  cattle  would  admit  of.   The  <*.anes  were  squeezed 

•  See  Do  Row'»  Review,  vol.  6,  No.  4,  October,  1S4<^;  in  which  ponoUical  the  reader  will 
also  find  much  valimble  iarormatioa  on  tho  su^ar  iadustry,  etc. 
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once  only;  indeed,  the  begassa  was  too  much  lacerated  to  admit  of 
its  being  passed  between  the  rollers  a  second  time  with  advantage.^'^ 

For  this  reason  Dr.  Evans  earnestly  recommends  that  the  mill 
be  tightly  braced,  and  that  all  possible  pains  be  taken  to  render 
the  pressure  of  the  canes  as  complete  as  possible,  by  avoiding  all 
irregularity  both  in  feeding  the  mill  and  in  its  motion,  etc.,  etc.  He 
correctly  argues  that  the  sugar  left  in  the  begassa  is  a  dead  1ob8| 
even  as  fuel,  because  fermentation  promptly  takes  place  and  con- 
verts it  either  into  incombustible  substances,  lactic  acid,  etc.,  or 
into  carbonic  acid,  etc.,  which  are  volatile;  so  that  when  used  the 
woody  fibre  alone  remains.  He  recommends  the  use  of  the  begassa 
as  manure,  that  it  may  increase  the  crop,  its  value  in  the  West  In- 
dies being  60  per  cent,  greater,  in  his  opinion,  if  thus  employed,, 
than  if  used  as  fuel  in  place  of  coal  imported  at  five  dollars  per 
ton.  He  shows  the  importance  of  increasing  the  yield  in  juice  bj 
the  calculation;  that  if  the  amount  be  augmented  only  from  60  to 
60  per  cent,  on  an  estate  making  200  tons  of  sugar,  the  annual 
crop  would  then  give  240  tons.  And  if  the  begassa  be  used  entirely 
for  manure,  so  that  it  shall  become  necessary  to  purchase  coal  at 
five  dollars  per  ton,  then  assuming  the  value  of  the  40  additional 
tons  of  sugar  to  be  $100  per  ton,  and  the  quantitv  of  coal  required 
to  be  240  tons,  there  would  be  a  clear  gain  of  f2,800.  The  gain 
would,  of  course,  be  greater  if  the  begassa  is  not  needed  for  man- 
ure, and  if  used  in  place  of  a  portion  of  the  coal.  Finally,  Dr. 
Evans  speaks  of  mills  with  five  or  four  rollers,  as  follows: 

"Mills  have  been  within  the  last  few  years  manufactured  with 
five  rollers,  which  are  placed  with  regard  to  each  other,  in  the 
same  manner  as  are  the  three  rollers  in  the  usual  horizontal  mills 
— that  is,  two  are  placed  above  and  three  below.  Mills  thus  con- 
structed have  been  successfully  used  in  Cuba,  Bourbon,  and  the 
Mauritius,  70  per  cent,  of  juice  having  been  obtained  by  them  at 
one  operation,  without  much  greater  laceration  of  the  begassa  than 
is  usually  produced  by  the  three-roller  mill.  But,  as  might  be 
foreseen,  a  great  objection  has  been  raised  against  them,  owing 
to  the  very  considerable  increase  of  motive  power  which  they  re- 
quire." 

"Latterly,  sugar-mills  have  been  constructed  with  four  rollers, 
which  are  placed  two  below,  and  the  other  two  above,  and  imme- 
diately over  the  former.  These  mills  have  been  greatly  extolled, 
producing,  as  it  is  said,  from  70  to  75  lbs.  of  juice  from  100  lbs.  of 
canes,  with  a  motive  power  little,  if  any,  greater  than  that  which 
is  required  by  an  ordinary  three-roller  mill  of  equal  size.  I  have 
not  seen  mills  of  this  construction  in  operation,  but  I  believe  that 
the  advantages  which  they  are  said  to  possess  have  not  been  ex- 
aggerated.-' 

Upon  this  subject,  P.  M.  Lapice,  esq.,  of  Louisiana,  informs  me, 
through  a  mutual  friend,  that  a  double  pressure  mill,  which  has 
been  erected  upon  his  plantation,  "extracts  nearly  all  the  juice 
from  the  cane,  and  fits  the  begassa  in  the  best  possible  manner  for 
manure,  which  is  fit  for  immediate  use." 

Jn  conclusion,  I  present  to  the  reader  the  following  account  of 
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Mr.  Sbutzenbach's  method  by  desiccation,  extracted  from  the  Bui- 
letin  de  la  Societt  d^ Encouragement  pour  Pindustrie  nationaUj  of 
Paris,  for  the  years  1838  and  1846;  first  remarking,  however,  that 
the  assertion  made  by  me  in  my  third  report,  that  ^^  double  the 
amount  of  water  has  to  be  evaporated,"  (see  art.  9,  §  1,  chap.  2,) 
is  not  correct;  for,  since  the  dried  cane  furnishes  a  saccharine  so- 
lution of  30^  Baum£,  it  follows  that  the  only  additional  quantity 
of  water  to  be  evaporated  is  that  contained  by  such  a  solutioni 
over  and  above  the  proportion  which  is  to  be  permitted  to  remain 
in  the  syrup  when  concentrated  to  the  striking  point. 

The  beets  after  being  cleaned  in  the  ordinary  manner,  by  scrap- 
in;  and  washing,  are  cut  into  small  parallelepipeds,  by  means  of  a 
very  simple  and  economical  machine,  consisting  of  a  peculiar 
knife,  set  in  a  frame,  to  which  a  vertical  reciprocating  motion  is 
imparted  by  a  connecting  rod  and  eccentric;  a  full  description  of 
which,  with  detailed  drawing[s,  is  given  in  the  Bull,  de  la  Soc. 
d'Encour.f  1838,  page  438.  The  form  thus  given  to  the  pieces  of 
beet  is  considered  by  Mr.  Schutzenback  the  best  adapted  for  com- 
plete desiccation. 

They  are  next  conveyed  to  the  stove  to  be  dried.  For  this  pur- 
pose he  describes  two  different  arrangements;  one,  a  cast  iron  fur- 
nace, or  large  stove,  surmounted  by  a  sheet-iron  pipe,  bent  in  the 
form  of  a  serpentine  or  coil,  the  whole  being  closely  surrounded 
by  a  brick  wall,  through  which  holes,  furnished  with  dampers,  ad- 
mit the  air  to  be  heated  in  greater  or  less  quantity.  A  thin  sheet- 
iron  plate,  pierced  with  numerous  holes,  extends  over  this  furnace 
to  distribute  the  heat  uniformly;  and  the  beets  to  be  dried  are 
placed  above  in  trays  with  bottoms  of  wire  gauze,  which  are  sup- 
ported by  frame  work.  (See  pages  439.'40,  and  plate  750  of  the 
said  volume.)  The  other  arrangement,  which  is  preferred  by  Mr« 
Schutzenbach,  consists  of  a  rather  complicated  furnace  for  heating 
air,  by  means  of  vertical  pipes  passing  through  the  flue,  which  ex- 
tends horizontally  the  entire  length  of  the  building,  and  of  an  end- 
less band  of  wire  gauze  moved  upon  pullies  by  a  steam  engine,  by 
which  the  pieces  of  beet  are  conveyed  backward  and  forwatd  many 
times  in  the  ascending  current  of  hot  air,  the  circulation  of  which 
is  rendered  more  rapid  by  the  action  of  a  ventilator  or  blowing 
machine.  (See  pages  440-'41,  and  plate  749.)  The  whole  is  en- 
closed between  walls  of  masonry,  and  an  extended  plate  of  sheet- 
iron,  pierced  with  numerous  orifices,  distributes  the  heated  air  uni- 
formly, and  catches  any  pieces  of  beet  which  may  happen  to  fall. 

'^To  this  furnace  Mr.  Schutzenbach  attributes  the  following  ad- 
vantages: 1st.  Great  saving  of  manual  labor.  2d.  In  the  continu- 
ous movement  of  the  metallic  band  every  surface  of  the  pieces  of 
beet  is  brought  into  contact  with  the  heated  air.  3d.  Security 
against  accident  by  fire.  4th.  The  heated  air  and  vapor  which  es- 
capes may  be  used  for  warming  other  parts  of  the  establishment. 
5th.  The  desiccation  of  beets  is  performed  continuously  and  upon 
a  large  scale." 

^^  The  process  followed  by  Mr.  Schutzenbach  for  extracting  the 
sugar  from  the  dried  beets  is  as  follows;" 
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"Coming  from  the  stove  perfectly  dry,  they  are  reduced  to  pow- 
der in  any  manner;  and  the  sugar  is  then  extracted  from  this  pow- 
der by  macerating  it  in  water  acidulated  with  sulphuric  acid.  For 
this  purpose,  nine  parts,  by  weight,  of  pure  water  are  poured  into  a 
wooden  tub,  and  from  two-thirds  to  three-quarters  (according  to 
the  richness  of  the  beets)  of  a  per  cent,  of  the  sulphuric  acid  of 
commerce  is  then  added;  four  parts,  by  weight,  of  powdered  beet 
are  stirred  into  the  liquid,  and  the  stirring  is  continued  uninter- 
ruptedly until  the  acid  is  absorbed.  After  repose,  the  precipitated 
pulp  is  removed,  and  the  liquid  it  retains  is  expressed  in  the  usual 


manner.'' 


"  The  juice  thus  obtained  is  reserved  for  after  treatment.  The 
residue  contained  in  the  sacks  is  macerated  in  wat^r  acidulated  to 
the  same  degree,  and  then  pressed  anew.  The  juice  resulting  from 
this  second  pressure  is  used  in  place  of  water  for  dissolving  a  fresh 
portion  uf  powdered  beet;  and  the  same  operation  is  repeated  until 
the  pulp  appears  to  be  entirely  exhausted  of  saccharine  matter.^' 

**The  expressed  juice,  of  the  required  density,  is  mixed,  at  a  low 
temperature,  with  as  much  lime  in  powder  as  is  necessary  to  neu- 
tralize the  acid;  and  the  calcareous  precipitate  is  then  removed  by 
the  ordinary  means.  The  albumen  and  tannin  contained  in  the 
beet,  being  united  with  the  fibrous  portion  by  desiccation,  do  not 
escape  with  the  juice,  so  that  it  is  transparent  even  before  filtra- 
tion." 

"It  is  afterwards  treated  in  the  usual  manner  to  obtain  the  crys- 
talline sugar;  only  a  smaller  quantity  of  animal  charcoal  is  used 
in  clarification  thi:n  is  requisite  for  the  juice  from  beets  which 
have  not  been  dried." 

At  the  meeting  of  the  Societe  d'  Encouragement y  March  18, 1846, 
the  president  (M.  Dumas)  "announced  that  several  manufacturers 
of  beet  sugar  from  the  department  du  J^ord  and  from  Germany 
were  present,  whom  he  invited  to  communicate  to  the  society  any 
information,  in  relation  to  an  industry,  which  is  an  object  of  its 
constant  :  olicitude.  That  the  importance  of  such  communications 
might  be  fully  appreciated,  the  president  described  the  present 
situation  of  the  sugar  industry."      ♦  ♦  *  #  • 

"  The  president  announced  that  important  communications  have 
been  made  to  the  society  upon  the  employment  of  desiccation." 

"  It  is  known,  said  he,  that  the  manufacture  of  beet  sugar  is  car- 
ried on  in  two  principal  methods.  In  the  one,  the  root  is  subjected 
to  the  action  of  rasps,  the  pulp  pressed,  the  juice  treated  with  lime 
and  then  evaporated  to  obtain  the  sugar.  In  the  other  the  root  is 
cut  into  small  pieces  and  then  dried,  (thus  prepared,  it  keeps  a 
long  time  without  alteration;)  it  is  washed,  and  the  syrup  obtained 
is  evaporated  to  extract  the  sugar  which  it  contains." 

."The  process  of  desiccation  inventeil  by  Mr.  Schutzenbach,  and 
of  which  a  detailed  description,  accompanied  by  figures,  is  given 
in  the  Bulletin  of  the  socieTy,  page  438,  for  the  year  1838,  has 
niade  but  little  progrtss  in  France.  Yet,  it  I'urnishts  sugars  of  bet- 
ter quality  an<l  greater  quantity;  the  work  can  be  continued  longer; 
tt    requisite  capital  \s  \^^s',  ?i\vd  the   cultivation  of   the  beets  may 


613  [  50  ] 

be  carried  on  at  a  distance  from  the  factory,  for  the  reason  that 
the  weight  may  be  reduced  four-fifths." 

"  M.  de  Haber,  who  has  worked  according  to  this  method  for  a 
long  time  in  the  grand  duchy  of  Baden,  communicated  the  results 
obtained  in  that  country,  as  well  as  in  the  kingdom  of  Wurtem- 
berg.'' 

^^The  principal  factory  is  established  at  Wae:haeusel,  near  Man- 
heim.  It  has  operated  this  year  (1845)  upon  30  millions  of  kilo- 
grammes of  beets.  In  the  next  year  (1846)  it  will  operate  uponSO 
millions  of  kilogrammes." 

"The  tourailUs  or  stoves  have  21  square  metres  of  surface;  30 
kilogrammes  for  every  0.105  square  metres  are  dried  in  24  hours. 
The  beet  loses  80  to  84  per  cent,  of  its  weight  by  the  evaporation." 

"To  work  the  cossettej  (dried  beet,)  it  is  ground  in  a  mill.  A 
aingle  filtration  is  sufficient  to  deprive  it  of  its  sugar.  The  syrup 
obtained  is  perfectly  clear,  marking  20°  to  25°Baum^,  and  contain- 
ing 40  to  42  per  cent,  of  sugar;  whereas  the  juice  obtained  from 
fresh  pulp,  which  marks  only  7^  to  8^  Baumd,  contains  but  10  per 
cent." 

"Hence,  to  obtain  40  parts  of  sugar  by  the  old  method,  360 
parts  of  water  must  be  evaporated,  or  six  times  as  much  as  is  requi- 
site to  evaporate  the  syrup  obtained  by  the  new  process.  In  the 
concentration,  the  fuel  which  has  served  for  dessication  is,  there- 
fore, economized." 

"The  expenses  of  manufacture  are  considerably  reduced;  the 
rasps  and  presses  are  dispensed  with;  the  sacks  and  trays  are  re- 
placed by  less  costly  muslin  filters." 

"The  diminution  of  the  expense  of  the  establishment  is  not  less 
worthy  of  attention.  The  dried  beet  occupies  only  the  fifth  of  the 
volume  it  had  when  fresh.  M.  de  Haber  estimates  the  quantity  of 
sugar,  which  can  be  made  in  the  same  place  and  with  the  same  ap- 
paratus, as  15  to  18  times  as  much  as  by  the  old  method." 

"  M.  Evrard,  a  manufacturer  of  beet  sugar  at  Valenciennes,  then 
addressed  tbe  society  as  follows: 

"  The  work  by  dessication  in  the  factory  d'Herin  has  com- 
pletely satisfied  us.  The  cassette  obtained  is  white;  it  keeps  per- 
fectly in  the  storehouse,  and  even  in  a  deep  barn.  The  portions 
which  touch  the  walls  alone  being  slightly  softened,  but  they  are 
neither  mouldy  nor  of  an  unpleasant  ordor." 

"  One  hundred  kilogrammes  of  fresh  beets  yield  18  of  cassette* 
To  dry  40,000  kilogrammes  of  beets,  it  requires: 

"40  hectolitres  of  coal,  at  1.5  francs ••••••   60  francs* 

20  days'  work,  (of  women,)  at  0.80 16     *•' 

14         do.  (of  men,)  at  1.50 21      " 

90  days'  interest   on   14,000   francs,  (the  cost   of  the 

stoves,)  at  7  per  cent .  • •  •  •  •    11      " 

Total 108  francs. 

"One  hundred  kilogrammes  of  cassette  cost  11  francs  and  11 
centimes. 
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<'  The  maceration  is  performed  in  the  apparatus  of  M.  Duquesne, 
which  is  closed  hermetically;  two  causes  of  fermentation  are  thus 
avoided — the  contact  of  the  air,  and  the  cooling  of  the  pulp.  M. 
Evrard  has  repeatedly  extracted  all  the  su^ar  from  the  cossette 
without  the  addition  of  lime,  and  never  observed  the  slightest 
trace  of  fermentation.  Yet,  to  avoid  the  abundant  deposites  which 
would  obstruct  the  establishment  if  lime  were  added  to  the  juice 
to  neutralize  and  defecate  it,  he  has  been  obliged  to  defecate  the 
juice  in  the  cassette^  by  treating  it  directly  with  lime.  The  pulp 
afterwards  contains  no  caustic  lime,  and  answers  for  feeding  cattle." 

^^He  then  gave  the  following  numerical  results:  350  kilogrammes 
of  cassette^  corresponding  to  925  kilogrammes  of  fresh  beets,  yield 
11  hectolitres  of  juice  at  9^  Baum6.  The  cl  arge  is  100  kilo- 
grammes of  sugar  of  the  type,  or  6.2*  per  cent.,  reckoning  1,400 
grains  to  the  degree.  The  quantity  of  sugar,  bonne  quatriemey  is  7 
per  cent,  in  the  first  juice.  Taking  this  as  the  absolute  yield,  we 
ffet  the  remarkable  result  that  100  kilogrammes  of  cossetU  contain 

38  kilogrammes  of   sugar,    at    the  price  11  francs   11  centimes,  or 

39  francs  73  centimes  per  100  kilogrammes." 

'^  The  advantages  of  the  new  method  for  the  manufacture  of  sugar 
appear  incontestable.  Yet,  it  is  probable  that  the  establishments 
which  are  properous  under  the  present  system  will  find  it  diflScult 
to  decide  upon  a  change  of  their  mode  of  working;  for  this  reason, 
M.  Evrard  proposes  a  mixed  system,  which  will  convince  them 
fully  of  the  fitness  of  suppressing  the  rasps  and  presses." 

^^  It  consists  in  adding  to  the  juice  to  be  defecated,  by  means  of 
dried  beets,  brown  sugar  at  29  francs  23  centimes  per  100  kilo- 
grammes, weighing  25^  Saum6.  The  molasses  will  go  to  the  man- 
ufacturer." 

"  Brown  sugar  costs,  at  present,  72  francs  per  70  kilogrammes  ; 
there  is,  therefore,  nothing  to  be  gained  by  purchasing  it." 

**  The  president  tendered  to  MM.  de  Haber  and  Evrard  the 
thanks  of  the  society  for  their  interesting  communications." 

*' Upon  this  occasion  he  deemed  it  proper  to  present  to  the  socie- 
ty some  information  which  he  had  himself  received." 

"  An  immense  establishment  has  just  been  constructed  by  Mr. 
Schutzenbach,  in  Gallicia,  at  the  foot  of  the  Karpathian  moun- 
tains, at  fifty  leagues  from  Lemberg;  it  can  produce  at  least  twenty 
millions  of  refined  sugar  per  annum,  and  is  composed  of  a  central 
sugar  house,  and  fourteen  drying  houses  around  the  former,  within 
a  circle  of  seven  or  eight  leagues." 

^^  The  beets  tuliivated  in  the  vicinity  of  each  drying  house  are 
dried  in  vast  stores;  they  have  a  cossette  which  contains  nearly 
one  half  of  its  weight  of  sugar — 100  kilogrammes  reduced  to  20  by 
desication." 

*'  Transported  to  the  central  factory,  the  cossette  is  there  washed 
in  close  vessels,  and  gives  a  syrup  which  attains  at  once  to  30^ 
Bauni6;  this,  by  evaporation  in  open  pans,  yields  directly  refined 
sugar." 

''Calculated  from  the  weight  of  the  fresh  beets,  the  amount  of 
this  sugar  is  6  per  cent." 
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'^  What  is  to  be  remarked,  is  the  fact  that  the  Tacuum  pan  is  not 
oised  for  eTaporation.  Mr.  Schutzenbach  has  not  wished  to  make 
use  of  it  in  a  country  poor  in  mechanical  resources;  he  has  suc- 
ceeded, favored  by  the  nature  of  the  beets,  which  are  probably  cal- 
tirated  in  lands  much  less  manured  than  ours." 

<^Mr.  Schutzenbach  has  established  his  central  sugar  factory  in 
a  Tast  building,  133  metres  (432  feet)  long  by  27  metres  (86  feet) 
wide,  covered  by  a  roof  of  iron.  He  estimates  that  the  cost  of  this 
establishment,  with  its  annexed  appurtenances,  does  not  amount  to 
one-sixth  of  what  would  have  been  necessary  to  attain  the  same 
results  by  the  old  processes." 

^^  The  society  should  behold  with  pleasure  that  a  process,  the 
high  value  of  which  it  was  the  first  to  proclaim,  and  which  it  baa 
sought  by  every  means  to  introduce  and  render  popular  in  Francei 
fully  realizes  its  hopes."     •••••• 

'^  When  we  see  real  colonies  thus  springing  up  in  Europe  itself| 
by  virtue  of  these  new  methods,  we  feel  that  the  sugar  industryi 
thus  regarded,  constitutes  a  new  social  progress." 

^^Let  the  society  then  continue  to  encourage  the  erection  of  su- 
gar factories,  based  upon  the  method  of  desiccation,  and  drying 
houses,  in  every  village,  which  shall  dry  the  beets  cultivated  in  the 
▼icinity,  so  as  to  permit  them  to  be  kept  without  injury,  as  well  as 
to  be  transported  to  a  distance.  It  is  evident  that  the  culture  of 
the  beet  would  thus  become  general,  and  not  confined  to  a  few  fa« 
Tored  localities;  this  vegetable  would  become  a  regular  crop,  and 
assume  its  place  in  the  combinations  of  agriculture  instead  of  being 
replanted  every  year  in  the  same  ground,  and  for  a  long  series  of 
years.  The  whole  country  would  then  profit  by  the  advantages 
which  its  culture  brings  with  it,  and  the  soil  would  certainly  be 
improved."  »  •  •  »  ^^Notwithstanding  the  vicissitudes 
which  this  process  has  undergone  in  France,  and  those  which  may 
yet  threaten  it,  I  have  never  varied  in  my  opinion  of  it,  as  is  well 
Known  to  you,  and  I  am  confident  that  the  name  of  Schutzenback 
will  hereafter  be  inscribed  among  those  of  the  rare  and  courageous 
men  who  have  introduced  into  the  world  ideas  useful  to  the  human 
race." 


NOTE  F. 

Remarks  and  criticisms  by  Mr.  Valcour  Aimc. 

In  De  Bow^s  Review,  vol.  6,  page  254,  Mr.  Valcour  Aime  criti- 
cizes the  statement  repeated  by  me  in  article  39,  page  65,  that 
^^excellent  sugar  was  said  to  have  been  made  in  l845-'6,  by  Messrs. 
Packwood,  Benjamin  and  V.  Degruy,  by  the  use  of  Rillieux's  ap- 
paratus, from  acid  frosted  cane  juice,  which  by  the  ordinary  method 
would,  it  is  stated,  have  yielded  molasses  only."  For  that  statement 
I  am  not  responsible;  it  was  based  upon  the  report  of  the  committee 
of  the  Agriculturists'  and  Mechanics'  Association  of  Louisiana,  and 
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the  letter  of  V.  Degruj,  esq.,  therein  conta'ined,  which  report  I 
consiilered  worthy  of  credit,  by  reason  of  the  source  from  which  it 
came,  and  embodied  it  in  my  work.  I  have  no  knowledge  upon 
the  subject,  and  if  the  committee  have  erred,  there  is,  perhaps,  no 
one  who  can  with  more  propriety  assume  to  correct  them  than  Mr. 
Yalcour  Aime  himself,  who  is  not  only  entitled  to  speak  with  au- 
thority as  a  planter  of  long  experience,  but  also  well  known  through- 
out the  State. 

The  following  are  Mr.  V.  Aime's  remarks:  "It  is  true  that  fair 
sugar  can  be  extracted  from  frosted  canes,- by  means  of  boneblack 
filters  and  the  vacuum  pan,  when  only  a  very  inferior  article  could 
be  obtained  by  the  common  method.  The  canes,  when  frost  bitten, 
can  thus  be  rendered  profitable  for  a  few  days  longer.  This  is  not, 
however,  the  peculiar  advantage  of  Rillieux's  process;  the  same 
result  can  be  obtained  by  means  of  Howard's,  Roth's,  Dcrosne's, 
or  any  other  system  for  evaporating  in  vacuo.  I  have  seen  at  Mr. 
Lapice's,  sugar  of  good  color  and  grain,  made  by  Derosne's  appa- 
ratus which  was  so  very  sour  as  to  excite  a  disagreeable  sensation 
on  the  tongue;  when  the  sugar  was  drained  the  acidity  disappeared, 
because  it  was  confined  to  the  uncrystallized  part.  Bat  alter  the 
d-eterioration  of  the  canes  has  so  far  progressed  that  the  juice^ 
when  boiled  in  open  pans,  produces  in  the  battery  or  teache  nothing 
but  a  viscous  syrup  of  fine  yellow  color,  from  which,  by  the  com- 
mon process,  not  a  particle  of  grain  can  be  obtained,  I  contend 
that  no  apparatus  can  crystallize  it.  In  the  winter  of  l845-'6,  the 
pneumatic  pans  or  tigers  constructed  by  Rillieux  on  Messrs.  Ben- 
jamin and  rackwood's  plantation  having  completely  failed,  those 
gentlemen,  to  save  their  canes,  had  to  work  the  whole  of  their  crop 
into  syrup,  which,  afterwards,  was  manufactured  at  Mr.  Oxnard's 
refinery.  I  have  there  seen  in  that  refinery  syrup  manufactured 
from  frosted  canes  by  Rillieux's  apparatus,  from  which  nothing 
could  be  made;  other  syrup  coming  from  canes  less  deteriorated, 
produced  sugar  resembling  common  wax,  while  all  the  syrup  ob- 
tained by  the  same  means,  previous  to  the  canes  being  frosted,  or 
before  the  juice  was  quite  altered  after  the  frost,  has  produced  in 
the  same  year  and  at  the  same  refinery  sugar  of  the  very  first 
quality.  It  is  much  to  be  regretted  that  Mr.  McCulloh  had  no 
opportunity  for  examining  the  phenomena  which  present  them- 
selves successively  during  the  process  of  the  fermentation  of  our 
cane  juice.  I  have  seen  nowhere  clearly  explained  why  frosted 
cane  juice,  from  which  good  sugar  can  be  produced  for  several 
days,  even  when  sourness  is  quite  peceptible  to  the  taste,  ceases  to 
granulate,  sometimes  in  the  space  of  a  very  few  hours.  In  the 
paragraph  quoted  above,  the  Professor  seems  to  intimate  that  acids 
of  different  kinds  may  be  generated  in  the  course  of  fermentation, 
and  he  is  probably  right.  I  am  no  chemist,  but  I  have  learnt  from 
one  who  has  turned  much  of  his  attention  to  the  manufacture  of 
Louisiana  sugar,  that  whilst  there  are  acids,  such  as  the  hydro- 
chloric, the  lactic,  the  citric,  &c.,  which  preveni  granulation,  the 
acetic  acid  is  so  far  from  acting  against  it  that  some  confectioners 
use  vinegar  to  aid  the  crystallization  of  rock  candy." 


617  L50] 

•  CoDCfe^rfling  the  last  sentence  of  the  above  extract,  I  may,  per- 
haps, be  permitted  to  remark,  that  acids  generally  injure  sugar  in 
solution,  by  converting  it  into  chylariosty  or  left  polarizing  liquid 
sugar,  which  cannot  be  crystallized.  Acetic  acid,  however,  doea 
not  possess  this  inverting  power;  or,  at  least,  it  acts  very  slowly 
and  very  feebly,  if  at  all.  Yet  I  am  not  aware  that  it  is  used  by 
the  confectioners  to  aid  crystallization,  which  I  consider  very  doubt- 
ful; though  I  know  they  employ  it  to  retard  the  molecular  change^ 
which  destroys  the  transparency  of  candy  or  barley  sugar.  M. 
P6ligot  states  that  both  lactic  and  acetic  acids  exert  no  injurious 
influence  upon  crystallizable  sugar  ;  and  he  thence  concludes  that 
when  cane  juice  becomes  acid  by  either  the  viscous  or  the  alco- 
holic fermentation,  the  acidity  is  not  a  cause  but  a  consequence  of  the 
transformation  which  the  sugar  undergoes,  or  rather  has,  already, 
in  part  undergone.  According  to  H.  Rose,  a  celebrated  chemist 
of  Germany,  the  presence  of  a  vegetable  acid  causes  alcoholic 
fermentation  to  progress  more  rapidly,  though  it  is  not  the  fer- 
menting agent;  cream  of  tartar  has  long  been  known  to  operate  in 
a  similar  manner. 

Mr.  Valcour  Aime  does  not,  in  my  opinion,  overate  the  impor- 
tance of  the  phenomena  of  fermentation,  in  relation  to  the  cane 
sugar  industry.  It  must  be  admitted  that  little  or  nothing  is 
known  accurately  upon  the  subject  of  the  chemical  changes  which 
cane  juice  suffers  under  various  circumstances.  Chemists  have  in- 
vestigated carefully  the  transformations  of  pure  saccharine  solutions; 
and  the  knowledge  thus  obtained  may  be  hypothetically  applied  to 
the  juice  of  the  cane,  but  such  slight  influences  operate  so  power- 
fully upon  the  phenomena  of  fermentation;  and  different  ferments 
produce  such  different  results,  that  until  the  spontaneous  transfor- 
mations of  the  cane  and  its  juice  have  been  thoroughly  investigated, 
we  ean  only  speculate  upon  the  subject. 

In  the  same  review,  from  which  I  have  made  the  foregoing  ex- 
tract, Mr.  Valcour  Aime  does  me  the  honor  to  express  a  regret 
that  I  had  not  full  opportunity  of  becoming  acquainted  with  the 
sugar  industry  of  Louisiana,  so  that  I  might  have  "done  to  the  old 
sugar  planters  of  the  country  that  justice  which  they  certainly 
would  have  obtained  from  him  (me)  if  he  had  known  more  about 
them."  I  have  elsewhere  (see  De  Bow's  review,  October  1848, 
vol.  6,  page  364,)  stated  that  ^^if  in  anything  I  may  have  said  I 
have  done  injustice  to  the  planters  of  Louisiana,  individually  or 
collectively,  it  has  been  solely  from  want  of  information."  That 
declaration  I  now  repeat,  with  the  assurance  that  I  will  take  plea- 
sure in  correcting  any  errors  I  may  have  committed,  as  I  have  en- 
deavored to  do  in  this  reprint,  in  every  instance  of  which  I  was 
apprized  of  their  existence  by  the  criticisms  of  Mr.  Y.  Aime  and 
others. 

It  is,  perhaps,  due  to  Mr.  Y.  Aime  that  I  should  here  insert  his 
account  of  his  own  contributions  to  the  industry  of  the  State; 
which  account  was  elicited  by  my  having  ascribed  to  Messrs.  Ben- 
jamin and  Packwood  ^Hhe  merit  of  having  first  made  directly  from 
a  vegetable  juice  sugar  of  absolute  chemical  purity,  combined  with 
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perfection  of  crystal  and  color."  I  may  state  that,  in  1815,  the 
Franklin  Institute,  of  Pennsylvania,  awarded  a  medal  to  Jos.  S. 
Loyering  &  Co.,  for  obtaining  the  same  end,  (chemical  purity, 
with  perfection  of  crystal  and  color,)  upon  a  large  scale  in  refining 
sugar.  And  Mr.  V.  Aime  will,  doubtless,  concur  with  me  in  the 
opinion  that  Messrs.  Benjamin  and  Packwood  are  not  the  less  en« 
titled  to  praise,  for  their  success,  by  reason  of  the  fact  that  he 
also  may  have  accomplished  the  same  result.  With  these  observa- 
tions, I  give  Mr.  Y.  Aime's  account,  and  I  do  so  with  the  greater 
pleasure  because  I  have  embodied  in  my  report  the  critical  remarks 
of  the  committee  of  the  Agricultural  and  Mechanics'  Associatioui 
concerning  his  improvements,  and  because  it  also  contains  informa- 
tion which  is  both  interesting  and  valuable. 

He  says:  ^^I  am  so  far  from  being  disposed  to  detract  anything 
from  the  merit  of  Messrs.  Benjamin  and  Packwood,  that  I  would 
not  have  the  least  objection  to  their  being  represented  as  having 
originated  a  most  important  improvement  in  the  manufacture  of 
sugar,  if  the  old  planters  of  the  State  were  not  thereby  cast  rather 
too  much  in  the  shade.  The  stay  of  Mr.  McCuUoh  in  the  State 
was,  as  I  observed  before,  so  very  short  that  he  had  no  time  to 
become  well  acquainted  with  the  former  situation  of  our  sugar  in- 
dustry, and  the  various  successful  steps  that  have  been  taken  to 
improve  it.  It  is  no  doubt  on  that  account  that  he  has  in  the  dif; 
ferent  parts  of  his  report  alluded  somewhat  unfavorably  to  oar 
improvements." 

*'  It  is  not  of  late  years  only  that  white  sugars,  derived  from 
the  cane  juice,  have  been  made  with  more  or  less  success  in  Loui- 
siana. As  far  as  I  can  remember,  and  I  am  no  longer  a  young  man, 
I  recollect  to  have  seen  white  clayed  sugar  made  on  many  of  our 
plantations,  for  home  consumption  at  least,  by  the  same  operation 
which,  in  Cuba,  is  carried  on  on  a  large  scale.  Another  grade  of 
sugar  was  made  about  eighteen  years  ago  by  Mr.  T.  Morgan,  who, 
as  the  report  correctly  states,  was  the  first  to  introduce  the  vacuum 
pan  in  this  country  for  the  evaporation  of  cane  juice.  A  few  years 
afterwards  he  obtained  by  liquoring  in  moulds,  without  the  use  of 
bag  filters,  good  white  sugar.  Neither  filters  nor  defecators  were 
employed  in  connexion  with  Rillieux's  apparatus,  when  Mr.  Pack- 
wood,  in  the  winter  of  l843-'4,  made  with  it  about  thirty  hogsheads 
of  sugar.  In  the  succeeding  season  defecators  and  bone  black  fil- 
ters having  been  added  to  the  same  apparatus,  prime  brown  sugar 
was  obtained,  without  any  refining  process,  on  the  same  estate. 
The  specimen  of  sugar  so  highly  eulogized  by  the  report  was  pro- 
duced in  the  winter  of  l846-'7,  on  Messrs.  Benjamin  and  Packwood's 
plantation,  by  using  Rillieux's  perfected  apparatus,  and  liquoring 
the  sugar  in  tigers." 

"Although  it  may  look  like  egotism  for  me  to  say  so,  yet  I  can- 
not avoid  remarking  that  since  1834  I  have  been  making  clarified, 
stamp,  and  loaf  sugar,  directly  from  a  vegetable  juice^  and  that 
since  1840,  when  I  first  used  bone  black  filter?,  my  sugar  has  been 
at  least  equal  in  quality,  as  well  as  perfection  of  crystal  and  color. 
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to  that  manufactured  in  1846-'7,  by  Messrs.  Benjamin  and  Pack- 
wood." 

^^  As  it  may  not  be  uninteresting  to  be  informed  of  the  different 
trials  of  one  who  has  some  claim  to  be  considered  here  as  the 
pioneer  in  refining  sugar  from  the  cane  juice,  permit  me  to  state 
that,  after  having  attempted,  without  success,  some  expensive  ex- 
periments for  making  white  sugar  in  1830,  I  tried,  in  connexion 
with  a  common  set  of  kettles,  in  1832,  the  bascule  pan,  and  in  1833 
the  serpentine  tub,  and  ascertained  that,  with  good  canes,  no  defi- 
nite advantage  can  be  derived  from  either.  In  1834  I  bought 
moulds,  procured  the  bag  filters  of  Taylor  to  filter  my  cane  juice 
when  boiled  in  the  common  kettles  to  30^  Baumd,  ordered  from 
London  one  of  Howard's  vacuum  pans,  from  the  old  makers,  Wil- 
liam Oaks  &  Son,  and  began  to  refine.  It  would  be  too  tedious  to 
detail  the  trouble  I  experienced  and  the  accidents  and  mistakes 
from  which  I  had  to  suffer  during  that  winter;  I  was  so  much  an- 
noyed that  I  would  certainly  have  given  up  my  experience,  at  least 
for  that  year,  if  my  sugar-house  had  not  been  so  altered  as  to  put 
it  out  of  my  power  to  proceed  by  the  common  method.  I  had  to 
refine  or  lose  my  canes.  The  final  result  was  upon  the  whole  satis- 
factory, and  I  not  only  got  through  my  crop  of  340,000  pounds,  but 
bought  some  inferior  sugars  from  the  neighborhood,  which  I  also 
refined.  I  obtained  12  cents  a  pound  for  my  loaf  sugar,  which  was 
of  course  inferior  to  what  I  maxe  now,  since  I  used  no  bone  black. 
From  1834  to  1839  inclusive,  every  one  of  my  crops  were  worked 
in  the  same  way,  with  the  only  difference  that  the  experience  ac- 
quired with  every  additional  year,  enabling  me  to  understand  better 
how  a  refinery  ought  to  be  conducted,  I  increased  mine  and  man- 
aged it  more  conveniently.  Having  heard  in  1840  of  the  filter 
Peyron,  represented  as  working  continuously,  and  without  renew- 
ing the  bone  black,  I  sent  my  boiler  to  Europe,  at  an  expense  of 
eight  or  nine  hundred  dollars,  to  examine  and  procure  it,  if  found 
to  answer.  He  came  back  in  time  for  the  crop,  not  with  Peyron's 
filter,  however,  but  with  another  on  Dumont's  plan,  which  is  em- 
ployed in  England.  The  syrup  of  that  year  being  first  filtered  in 
the  bags  and  passed  afterwards  over  bone  black,  produced  sugar 
which  was  fully  worth  two  cents  more  than  that  I  had  previously 
made.  I  effected  no  other  important  change  in  my  refinery  until 
1845,  when  I  procured  Derosne's  apparatus,  with  some  modifica- 
tions in  the  pans  and  distributions.  On  account  of  the  air  pump 
having  been  made  too  weak,  I  could  manufacture  but  a  small  part 
of  the  crop  of  that  year,  but  in  the  succeeding  season  I  used  nothing 
else,  and  have  since  that  time  ceased  to  boil  my  syrup  in  open  Ket- 
tles. I  find  that  I  make  by  that  means  still  better  sugars;  although, 
on  account  of  the  quantity  now  produced,  not  only  in  this  State, 
but  in  the  north  and  west,  I  get  much  less  money  for  it.'' 

*^  In  the  year  1846,  Mr.  Lapice  put  up  one  of  Derosne's  appara- 
tus, which  was,  like  mine,  made  at  the  Novelty  Works,  New  York." 

^' The  main  difference  which  can  be  found  between  the  means 
employed  by  me  since  1840  for  refining,  and  those  Messrs.  Benja- 
min and  Packwood  used  in  1846,  consist  Xi  this:  that  those  gentle- 
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men  Uquor  their  sugars  in  tigers^  while  I  do  to  iu  moalds;  but  this 
difference  can,  of  course,  create  none  either  in  the  quality  or  beautj 
of  the  sugars..  Th.e  only  question  to  be  raisied  betweefi  the  two 
processes  is  one  of  economy  and  of  time;  iur  thia^  practical  men 
may  differ.  In  1845,  after  examiniag,  in  company  with  Mr.  La- 
pice,  tigers  on  the  plan  of  those  since  oonatructed  by  Messrs.  Ben* 
jamin  and  Fackwood,  which  we  foi^nd  in  the  refinery  of  Mr* 
Adarfs,  near  Matanxas,  in  Cuba^  I  determined  to  iTeep  to  my  moulds^ 
and  Mr.  L^pice  came  to  a  different  concluston.  Ue  had  tigers 
made,  which  worked  well  in  184i6,  and  he  has  us€i]  them  success- 
full;^,  eyer  since.  They  can  undoubtedly  be  considered  as  a  Talua- 
ble  ita^proTenpent^  M'hich  may  be  rendered  as  profitable  bejre  as  it 
has  been  for  a  great  many    years  in   the  West  India  islands.     Su* 

Sirs  may,  by  that  means^  be  so6ner  prepared  far  market,  aqdoft 
at  account  those  wbo  have  to  put  up  new, establishments  for  re- 
fining O.ught  probably  to  adopt  tigers  in  preference  to » moulds;  but 
I  do  not  think  that  the  advantage  to  b^^  derived  from  them  is  suffi- 
cienfly  great  to  induce  those  who  are  already  proTided  wit& 
moulds  to  give  them  upp"      J 
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Ok  4hB  ehnnieal  toltipo^iHaH  tfikt  kainnout  ^Mment  mkich 
formi  in  the  evaporating  pant. 

In  the  first  edition  of  my  report,  at  page  69,  I  said  of  the  calca- 
reous deposite,  or  sediment,  which  forms  upon  the  bottoms  of  the 
sugar  pans — 

^^This  deposite  has  been  analyzed  by  M.  Avequin  in  New  Or- 
leans, with  the  following  results: 

Sub-phosphate  of  lime • • •••••  92.6 

Carbonate  of  lime,..* •  ••••  1.4 

Silica , 4.7 

Phosphate  of  copper  •  • • •.»••••••  1.4 

100.0 

^^Mr.  Reynolds  obtained  somewhat  similar  results  from  a  speci- 
men procured  by  me  from  the  battery  kettle  upon  the  Saratoga 
sugar  estate  of  Drake,  Brothers,  &  Co.,  in  the  island  of  Cuba;  the 
analysis  of  which  was  as  follows: 

Organic  matter  and  water • 64.72 

Sub-phosphate  of  lime • • ••.  11. 90 

Carbonate  of  lime 33.26 

Silica 0.13 

Oxide  of  iron trace 

100.00 
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Both  of  these  analyses  are  erroneons.  The  first  was  correctly 
copied  from  M.  Dumas's  Treatise  on  Chemistry  Applied  to  the  Arts, 
Tol.  6,  page  220,  but  does  not  correspond  with  that  giyen  by  M. 
Ayequin  in  his  original  memoir,  contained  in  the  Journal  de  Fhar- 
macie,  vol.  27,  page  15,  in  which  it  is  stated  that  1,000  grammes, 
by  combustion  in  a  Hessian  crucible  for  24  hours,  left  a  residue  of 
492  grammes,  and  had,  therefore,  lost  60.8  per  cent,  of  organic 
matter.  M.  Avequin  did  not  determine  the  quantity  of  carbonic 
acid  which  this  residue  contained,  and  which  he  says  escaped  with 
cfferrescence  when  he  undertook  to  dissolve  100  grammes  thereof 
in  nitric  acid.  It  must  have  been  considerable;  and  his  whole  ex- 
amination is,  as  M.  P^ligot  has  stated,*  very  imperfect  and  unsatis- 
factory. 

Believing  the  large  proportion  of  sub-phosphate  of  lime  given 
by  M.  Avequin  (92.5  per  cent,  of  the  residual  492  grammes)  to  be 
rery  improbable,  and  doubting  the   correctness   of  even  the  11.9 

f percent,  of  Mr.  Reynolds's  results,  I  was  induced  to  inquire  of  the 
atter  gentleman  whether  he  was  certain  of  its  accuracy.  In  reply 
be  informed  me  that  he  bad  not  preserved  the  original  memoran- 
dum of  his  work,  and  that  he  could  not,  after  so  long  a  time,  speak 
with  certainty  concerning  its  details;  also  that  he  did  not  place 
entire  confidence  in  them,  because  he  remembered  that  the  analy- 
sis was.  made  hastily.  He  kindly  oflfered,  at  the  same  time,  to 
repeat  his  examination  of  the  substance,  (of  which  I  still  possess  a 
considerable  quantity,)  and  the  following  is  his  account  of  its 
analysis: 

^^  Philadelphia,  December  4,  1848. 

^^  DfiAE  Sir:  The  following  are  the  results  of  the  analysis  of  the 
calcareous  sediment,  which  was  formerly  examined  by  me^  as  I 
now  find,  not  very  accurately: 

Organic  matter 69.16 

*        Lime 19,68 

Magnesia  .•••.•• •  •••• .• 4.66 

Phosphoric  acid ••••••••••• 1.52 

Iron  and  alumina «•• 1.00 

Carbonic  ajcid • 0. 95 

Silica 0.13 

Loss,  &c 2.90 

100.00 

*'The  large  proportion  of  carbonate  of  lime  ^iveii  in  my  former 
analysis  is  a  mistake,  which  arose  from  the  incineration  to  drive 
oflF  organic  matter.  The  phosphates  served  to  give,  with  tests,  the 
reactions  indicative  of  the  presence  of  phosphoric  acid,  but  the  ex- 
cessive proportion  of  phosphite  of  lime  then  obtained  was  due  to 


*.dce  note  C,  page  556|  above. 
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the  use  of  a  lesi  perfect  method  of  seperatioBi  aii4  also  to  a  leaa 
thorough  examination  than  I  haye  at  present  employed.  I  was  at 
the  time  very  much  occupied  with  other  matters,  and  oblind  to 
work  hastily.  These  were^also  the  causes  of  my  failore  at  first  to 
detect  the  presence  of  manganese  and  alumina. 
<^  Yours,  truly. 

«J.  B.  REYNOLDS.'' 
<<  Professor  R.  S.  McCullob." 

To  check  Mr.  Reynolds's  examination  I  gave  a  portion  of  the 
same  substanci;  to  Professor  J.  C.  Booth|  an  accomplished  ohemisti 
and  requested  him  also  to  make  an  analysis  of  it.    The  following 

are  his  results: 

<<  PhiladblphxAi  Dscemisr  7, 1848. 

<(  Mt  dxax  vbishd:  The  incrustation  you  handed  to  me  for  anafy- 
tis  contains — 

Organic  matter  and  water,... ••••••  •••• ••..  68.19 

Lime 81.71 

Magnesia »•  •••...«•.• ...•••  3.66 

Phosphate  of  iron,  ahiminai  ftc....*....  ....••••  8.80 

Insoluble  matteri  silex •. ••  0.11 

..     Carbonic  asid ••«... ••b 0.60 


98.06 


^^  A  very  small  portion  of  lime,  say  0.6,  is  combined  with  car- 
bonic acid.  The  remainder,  together  with  the  magnesia,  is  united 
with  organic  matter,  the  nature  of  which  was  not  investigated. 
The  phosphates  of  iron,  alumina,  and  lime  were  so  small  in  quan- 
tity (the  acid  forming  a  small  part  of  the  3,8)  that  it  was  not 
thought  worth  separating. 

"  With  esteem, 

"J AS.  C.  BOOTH.    ' 
^^  Professor  R.  S.  McCulloh, 
,  ^^  United  States  Mint.'' 

Hence  it  follows  from  these  analyses,  which  differ  but  slightly^ 
that  the  calcareous  sediment  is  composed  chiefly  of  organic  matter 
and  lime,  and  that  M.  Ayequin's  hypothesis,  that  lime  acts  in  the 
defecation  of  cane  juice  by  forming  an  insoluble  phosphate  of  lime, 
is  not  sustained. 


NOTE  H. 

On  evaporation  in  vacuo. 

Several  important  enterprises  which  were  in  progress,  or  con- 
templation only,  when  my  report  on  the  manufacture  of  sugar  waa 
wiitteDf  two  years  agO|  hay^  since  been  fully  and  fairly  tested.  ^ 
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The  apparatus  of  B^^rand  and  DerosDe  ha^  been  siiccessfuny 
employed  by  Messrs.  Valcour  Aime  and  La  pice  for  making  pure 
white  ^ugar^  similar  to  that  manulaatiired  with  Rillieust^s  appara- 
tuSj  directly  from  the  cane  juice  of  Louisiana.  And  many  plHUtefS 
have  adopted  the  practice  of  evaporating  in  vacu*Oj  who  formerJy 
used  open  pan^,  heated  either  directly  by  fire  or  by  steam. 

Much  valuable  practical  knowledge  has  thus  been  acquired  and 
placed  within  the  reach  of  every  planter  oT  that  State,  in  the  form 
which  is  ever  the  most  desirable,  as  the  authentic  results  of  actual 
and  sufficient  working.  And  those  who  may  now  wish  to  avail 
themselves  of  modern  improvements  will  find  a  careful  examina* 
lion  of  the  different  melho  is  in  use,  made  by  theroselveSj  upon  the 
spot^  far  more  instructive  than  anything  which  could  be  written 
elsewhere. 

By  the  entire  results  of  the  enterprises  in  operation,  the  compa- 
rative merits  of  the  rival  systems  of  Derosne  and  Rillieux  must 
shortly  be  decided  in  the  most  complete  ami  satisfactory  manner. 
But  until  that  decision  shall  have  beenr  definitively  pronounced| 
each  of  these  rival  systems  will|  doubtless,  have  advocates  for  its 
adoption,  in  those  who  may  be  interested  in  its  sale^  or  who  have 
been  induced  to  extend  to  it  their  favor  and  patronage. 

For  my  own  part,  though  charged  by  some  with  disparaging  the 
value  of  Derosne^s  apparatus,  and  unduly  extolling  that  of  RillieuXj 
and  by  Mr.  RillieuXf  himst-lf,  censured  (chiefly  by  reason  of  some 
inaccuracies  which  occurred  through  inadvertency  in  my  report,) 
for  having  unjustly  attributed  to  Derosne  that  which  he  claims  to 
be  due  to  bim  alnne|  I  have  sought,  and  shall  seek  only  the  truth. 
A  stranger  to  all  interest  in  this  matter^  I  venture  to  express^ 
without  prejudice  or  partiality,  such  opinions  only  as  appear  to 
me  indicative  of  the  probable  result,  and  worthy  of  credit,  because 
they  are  based  upon  firmly  established  scientific  principles;  and  J  cite 
as  incontrovertible  authority  only  the  statements  of  those  who  tes^ 
tify,  from  personal  knowlet^ge,  and  apparently  without  interested 
motives,  CDiicerning  facts  already  established*  Thus  I  hope  at 
least  to  avoid  leading  the  planters  into  errorj  even  if  I  fail  to  aid 
them  in  searching  for  complete  and  certain  information. 

In  De  Bow^s  Review  for  March,  1848,  vol.  v,,  page  252,  Mr, 
Valcour  Aime  says:  **With  one  of  Derosne*8  or  Rillieux's  appara- 
tus, the  Louisiana  planter,  instead  of  getting  from  three  to  four 
cents  for  bis  brown  sugar,  may  get  for  it  five  or  sixj  for,  when  I 
say  that  I  obtain,  on  an  average,  eight  cents  for  my  while  sugari 
it  must  not  be  understood  that  I  can  make  by  means  of  the  appa- 
ratus as  many  pounds  of  white  sugar  as  by  the  usual  process  could 
be  extracted  in  brown  sugar  from  the  same  cane  juice;  the  yield  of 
white  sugar  is  of  course  smaller,  but  the  increase  in  price  is  more 
than  a  compensation  for  the  diminution  in  the  quantity.  In  other 
words,  the  same  cane  juice  which,  by  the  usual  processj  would 
yield  a  hundred  thousand  pounds  of  brown  sugar,  which,  at  four 
cents,  would  produce  four  thousand  dollars,  will,  by  means  of  the 
apparatus,  give  white  sugar  of  different  gradeS|for  which  from  five 
to  six  thousand  dollars  may  be  obtained.    This  is  certainly  a  band« 
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some  compensation  for  the  additional  trouble  and  the  additional 
investment.'  It  must,  however,. be  understood  as  applying  only  to 
a  well  managed  apparatus;  for^we  had  instances,  during  the  last 
season,  of  planters  doing  worse  with  the  new  improvements  than 
with  what  Mr.  McCulloh  calls  the  old  and  faulty  method.''  Also, 
in  a  communication  to  the  Agriculturists  and  Mechanics'  Associa- 
tion, by  the  same  gentleman,  which  was  published  in  De  Bow's 
Review,  vol.  iv.,  page  424,  and  which  accompanied  some  speci* 
mens  of  sugar  sent  for  exhibition  at  their  annual  fair,  he  says: 

^^  These  products  have  been  obtained  by  means  of  the  apparatus  of 
Derosne  and  Cail,  made  by  Messrs.  Stillman,  Allen  &  Co.,  of  New 
York,  with  some  modifications  of  the  plan  first  adopted  by  the  in- 
ventor. These  modifications  consist  principally  in  some  changes 
in  the  distributors,  in  the  form  of  the  vacuum  kettles,  and  abovtall^ 
in  the  strength  of  the  air  pumps. ^^ 

'^  This  apparatus  was  received  at  the  plantation  of  Mr.  Yalooar 
Aime,  in  1845,  too  late  to  be  put  into  operation  for  the  taking  off 
the  preceding  crop.  The  air  pump^  a^  first  made,  was  too  toeaft, 
and  it  was  found  necessary  to  make  another.^^ 

^^  The  Agricultural  and  Mechanics'  Association  has  been  incor- 
rectly informed  by  those  who  induced  the  society  to  publish,  in  the 
annual  report  of  1846,  that  the  first  cost  of  the  apparatus  amounted 
to  $22,000,  and  that  the  contract  for  the  modifications  to  be  added 
would  amount  to  |8,000.  The  apparatus,  as  it  at  present  stands, 
cost  $24,000.  By  it  eighteen  hogsheads  can  be  made  in  24  hours, 
and  the  whole  of  his  last  crop  has  been  manufactured  in  this 
manner." 

'^  Being  neither  a  speculator  nor  a  manufacturer  of  machines, 
Mr.  Valcour  Aime  does  not  persuade  any  one  that  the  apparatus  he 
has  adopted  is  the  best  that  can  be  made.  His  only  wish  is  that, 
by  exhibiting  these  specimens  to  the  inspection  of  the  sugar 
planters,  they  may  be  enabled  to  compare  them  with  those  made 
by  other  processes,  and  thereby  augment  the  amount  of  knowledge 
among  the  producing  classes.  These  specimens  have  not  been  es- 
pecially prepared  for  the  fair.  He  has  chosen  them,  as  far  as  pos- 
sible, with  a  view  to  give  an  idea  of  his  average  crop." 

'^He  abstains  from  furnishing  any  comparative  tables  to  show 
the  number  of  thousands  of  dollars  that  can  be  gained  on  a  crop  by 
making  use  of  this  apparatus,  and  he  advises  the  society  not  to 
grant  the  sanction  of  its  name  to  any  tables  of  this  kind,  but  after 
the  most  severe  and  minute  examination.  Experience  has  demon- 
strated that  these  tables  cannot  be  depended  on,  unless  they  are 
the  results  of  conscientious  and  disinterested  trials,  repeated  during 
several  years.  He  will  merely  state  that  he  believes  he  has  a  know- 
ledge oi  all  the  machines  which  have  been  erected  in  Louisiana  for 
several  years  past,  for  the  purpose  of  improving  the  manufacture 
of  sugiir,  and  he  thinks  the  results  obtained  by  the  apparatus  that 
he  hds  liiid  erected  are  nt  least  equal  to  any  other,  and  that  the 
planters  who  can  afford  the  expense  would  be  gainers  by  erecting 
bimilar  ones.  lie  believes  that  the  economy  in  fuel,  and  the  in- 
creased  price  of   the  products,  will  justify  the   expense,  notwith- 
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standing  its  being  yery  great.  He  is,  howeyeri  conyinced  that  the 
disbursements  can  be  coyered  by  the  difference  in  the  price  of  the 
first  or  of  the  second  crop." 

<^Mr.  Yalcour  Aioie  thinks  it  his  duty  to  add,  that  the  apparatus 
of  Rillieux,  which  he  constructed  on  the  same  principles  as  that  of 
Derosne  and  Cail,  will,  in  his  oi>inion,  produce  the  same  results. 
The  expense  of  putting  up  either  is'about  the  same." 

''The  Agricultural  and  Mechanics'  Association  has  certainly  been 
led  into  error,  in  stating  in  the  report  of  last  year  that  the  negroes 
employed  on  a  plantation  can  conduct  these  machines  without  the 
assistance  of  a  sugar  makers  and  that  the  planters  in  the  northern 
parishes  of  the  State  may,  in  using  them,  obtain^ne  sugar  from 
the  sour  juice  of  frozen  canes.  Such  an  error  might  occasion  great 
loss  to  be  sustained  by  many  planters.  The  apparatus  of  Rillieux, 
as  well  as  that  of  Derosne  aud  Cail,  is  too  complicated  to  be  en- 
trusted to  negroes  without  the  active  superintendence  of  an  expe- 
rienced sugar  maker;  and  a  more  thorough  examination  will  con- 
yince  the  society  that,  when  cane  juice  is  really  sour,  it  is  impos- 
sible to  make  good  sugar  either  with  the  one  or  the  other 
apparatus." 

Again,  in  yolume  4,  page  383,  of  the  same  periodical,  Mr.  Yal- 
cour Aime  adds:  ''  I  repeat  my  statement  to  the  agricultural  so- 
ciety, that  eyery  planter,  with  sufficient  means,  who  feels  that  ha 
can  giye  to  the  apparatus  of  Derosne  or  Rillieux  the  close  atten- 
tion which  they  require,  will  find  it  to  his  advantage  to  have  one 
put  up.  His  additional  trouble  and  expenses  will  be  fully  com- 
pensated by  the  economy  in  fuel,  in  the  quality  of  his  sugar,  and 
m  the  augmentation  of  the  quantity  produced,  which  can,  I  think, 
be  fairly  valued  at  almost  15  per  cent.,  as  far  as  I  can  judge  from 
my  own  experience." 

In  an  unpublished  letter  of  August  17,  1848,  addressed  to  a  mu- 
tual friend,  Mr.  Lapice,  of  St.  James,  informs  me  that  the  Derosne 
apparatus  upon  his  estate  was  ''  not  completed  last  year  in  the 
small  details,  so  important  to  its  working  with  that  economy  and 
regularity  which  is  to  be  expected  of  it,  although  the  result  was 
satisfactory.^^  He  speaks  in  terms  of  high  praise  of  it,  as  ^^pos< 
sessing  great  advantages  over  all  other  improvements  for  making 
sugar  out  of  cane  juice,  as  well  as  for  refining,"  and  says  that  he 
has  ^^made  impoitant  modifications,  such  as  disconnecting  entirely 
the  concentrating  of  syrups  from  the  granulating,  using  Derosne^s 
method  for  evaporation,  (that  is,  using  all  the  latent  heat  contained 
in  the  steam,  which  is  the  only  way  to  economise  fuel,)  and  finish- 
ing or  eranulating  in  a  Howard  pan." 

Mr.  Lapice  also  did  me  the  honor  to  promise  that,  if  I  could 
wait  until  January,  he  would  furnish  for  this  edition  of  my  reports 
<^an  account  of  the  taking  off  of  the  next  crop,  such  as  has  never 
been  made  exactly;  showing  the  consumption  of  fuel;  the  quan- 
tity and  quality  of  sugar  made  with  each  density  of  the  cane  Juice; 
the  difference  between  the  new  apparatus  and  the  kettles;  the 
quantity  of  sugar  that  can  be  refined  after  taking  off  the  crop;  the 
difference  in  economy  of  manual  labor  and  time  required  to  purge 
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the  sugar  and  get  it  readj  for  market,  by  working  tigers  on  a  large 
scale,  so  as  to  suit  our  couutry,"  &c.,  he.  He  also  says,  that  he 
<<will  have  the  apparatus  complete  and  in  full  operation  this  sea* 
son,''  and  liberally  offers  the  fruits  of  his  knowledge  and  experi- 
ence to  others. 

I  regret  exceedingly  that  I  have  no  power  to  delay  the  printing 
and  publication  of  this  document  for  a  sufficient  length  of  time  to 
enable  me  to  avail  myself  of  Mr.  Lapice's  offer.  Such  a  detailed 
statetnent  as  he  describes  would  be  of  great  value  to  the  sugar  in- 
dustry, containing,  as  it  would,  many  well  observed  and  authenti- 
cated facts;  and,  if  Mr.  Lapice  will  yet  furnish  it,  I  will  either 
communicate  it  to  the  public,  with  such  accompanying  remarks  as 
may  seem  appropriate,  through  the  medium  of  De  Bow's  Review, 
or  make  of  it  the  subject  of  a  supplementary  report. 

In  an  article  by  J.  P.  Benjamin,  esq.,  on  the  sugar  industry  of 
Louisiana,  written  for  and  published  in  De  Bow's  Review,  vol.  2, 
piBige  322,  (which  I  regret  not  to  have  seen  when  it  first  appeared, 
and  before  the  publication  of  my  third  report,)  after  describing 
both  the  old  and  the  new  method  of  manufacture,  he  says: 

^VSuch  are  the  outlines  of  the  system  introduced  into  the  manu- 
facture of  sugar  by  Messrs.  Degrand,  and  Derosne  and  Cail,  and 
before  treating  of  the  reasons  why  the  concentration  to  the  granu- 
lating point,  when  effected  in  the  vacuum  pan,  is  a  vast  improve- 
ment over  boiling  in  the  open  air,  it  will  be  convenient  in  this  con- 
nexion to  point  out  in  what  respect  the  apparatus  of  Mr.  Rillieux 
differs  from  that  of  Derosne  and  Cail,  and  to  compare  the  advan- 
tages of  the  two  systems.  In  the  Rillieux  apparatus  the  defeca- 
tors, the  filters,  and  the  vacuum  pan  for  granulating  the  sugar, 
after  the  concentration  of  the  syrup  to  twenty-eight  degrees,  are 
all  borrowed  from  the  Derosne  ami  Cail  apparatus.  There  may  be 
some  difference  in  mechanical  details,  but  the  principle  and  man- 
ner of  working  are  substantially  identical.  But  to  Mr.  Rillieux  is 
justly  due  the  credit  of  a  very  ingenious  and  admirably  efficacious 
mode  of  evaporating  the  juice  and  supplying  the  caloric  necessary 
for  the  granulating  pan  with  very  great  econonoy  of  fuel.  In  cane 
juice,  at  nine  degrees  of  density,  there  are  83J  per  cent,  of  water, 
and  at  28  degrees  there  are  but  48J  per  cent,  of  water.  In  order, 
therefore,  to  concentrate  the  juice  from  9  to  28  degrees,  it  is  ne- 
cessary to  evaporate  from  the  juice  35  per  cent,  of  the  water. 
Mr.  Rillieux  conceived  the  happy  idea  of  making  use  of  the  steam 
that  is  evaporated  from  the  juice  itself  in  order  to  boil  his  pans, 
and  the  planter  who  is  accustomed  to  see  the  enormous  quantity  of 
vapor  that  is  carried  off  into  the  air  through  his  steam  chimney 
when  he  boils  in  the  open  kettles,  can  form  some  idea  of  the  very 
great  economy  of  fuel  that  must  necessarily  result  from  making 
this  quantity  of  steam  subservient  to  his  use  during  the  grinding 
season.  Mr.  Rillieux's  apparatus  effects  this  object.  It  consists, 
when  made  on  a  scale  sufficiently  large  to  make  from  twenty  to 
twenty-five  hogsheads  of  sugar  per  day,  of  four  pans,  all  construct- 
ed so  as  to  afford  a  vacuum.  But  the  vacuum  in  the  two  first  pans 
is  not  nearly  as  perfect  a^  in  the  two  last.     The  operation  is  con* 
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ducted  thus:  The  cane  juice,  after  having  been  once  filtered,  is  in* 
trodnced  into  the  first  pan,  and  this  pan  is*  boiled  by  the  exhaust 
steam  from  the  cylinder  which  works  the  mill,  thus  avoiding  the 
necessity  of  abstTacting  any  steam  directly  from  the  boilers.  This 
first  pan  is  so  constructed  that  the  steam  which  arises  from  the 
juice  as  it  boils  is  conducted  into  the  pipes  that  heat  the  second 
and  fourth  pans.  In  the  first  pan  the  quantity  of  steam  that  arises 
is  quite  sufficient  for  this  purpose;  but  if,  at  any  time,  it  be  found 
that  the  fourth  pan,  in  which  the  sugar  is  granulated,  is  not  sup- 
plied with  a  sufficiency  of  steam  from  the  first,  a  communication 
can  be  opened  to  the  exhaust  steam  from  the  engine,  which  sup- 
plies  any  deficiency,  and  enables  the  sugar  maker  to  bring  his  bat- 
tery to  the  striking  point  as  rapidly  as  he  may  desire.  The  juice 
is  brought  up  to  fifteen  or  sixteen  degrees  in  the  first  two  pans,  and 
the  steam  from  the  second  pan  is  made  to  boil  the  third,  in  which 
the  syrup  is  concentrated,  to  twenty-eigbt  degrees,  when  it  is  passed 
through  the  filters^  and  then  conducted  to  the  last  pan,  in  which  it 
is  granulated. 

^^  I  consider  the  Rillieux  plan  of  evaporation  decidedly  superior  - 
to  that  of  Messrs.  Derosne  and  Cail  in  several  important  particu- 
lars: 1st.  The  juice  is  evaporated  in  a  close  pan,  and  is  excluded 
from  atmospheric  action;  whereas,  in  the  Derosne  and  Gail  appa- 
ratus it  is  exposed  to  the  open  air  in  a  state  of  minute  sub<iivision 
as  it  falls  in  a  cascade  over  the  frame  of  pipes  which  form  the 
condenser.  2d.  It  is  much  less  liable  to  derangement  than  the 
frame  of  pipes,  which  frequently  gives  great  trouble,  and  which, 
unless  in  perfect  order,  injures  the  juice  by  deepening  its  color 
whenever  it  remains  on  any  part  of  the  heated  pipe  long  enough  to 
be  burnt.  3d.  It  economises  the  steam  which  is  created  by  evapo- 
rating the  cane  juice,  and  which,  in  the  Derosne  and  Cail  appara- 
tus, passes  off  into  the  open  air  through  a  steam  chimney.  Against 
all  these  advantages  the  Derosne  and  Cail  offers  but  one  which 
may  be  of  value  in  the  West  Indies,  on  certain  estates,  but  which 
is  of  no  moment  in  Louisiiina,  that  is,  an  economy  of  cold  water. 

<^  I  give  here  the  conclusion  to  which  I  have  arrived,  ftfter  as 
careful  and  impartial  an  examination  of  the  two  systems  as  I  am 
capable  of;  but  if  I  am  mistaken,  the  experience  of  the  present 
winter  wiH  afford  ample  means  of  correcting  the  error.  The  appa- 
ratus of  Mr.  Rillieux  has  been  erected  in  its  largest  size,  and  in 
connexion  with  a  refinery,  on  the  plantation  of  Mr.  J.  B.  Armant, 
of  St.  James  parish;  and  Mr.  P.  M.  Lapice,  of  the  same  parish, 
has  erected  a  magnificent  sugar  house  and  refinery  on  the  largest 
scale,  with  the  apparatus  of  Derosne  and  Cail  in  its  most  approved 
form.  I  have  every  confidence  that  both  these  enterprising  gentle- 
men will  reap  a  rich  return  for  their  heavy  investments  in  these  im- 
provements, and  their  experience  will  decide  the  question  of  supe- 
riority in  point  of  efficacy  and  economy  between  the  two  systems. 
The  only  question  will  be  one  of  degree,  for  that  both  will  succeed 
is  beyond  a  doubt. 

^^The  sole  remaining  subject  which  it  is  my  intention  to  ex- 
amine, is  the  difference  between  the  system  of  boiling  in  the  open 
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air  and  in  the  vacuum  pan,  as  regards  the  quantity  and  quality  of 
the  sugar  produced.  To  place  this  matter  in  its  clearest  light,  it 
is  necessary  to  state  certain  conclusions  which  are  the  result  of  the 
researches  and  experiments  of  eminent  chemists,  who  have  devoted 
their  time  and  labor  to  this  subject.  I  have  already  mentioned 
that  there  is  naturally  no  molasses  in  the  sugar  cane,  and  that  all 
the  molasses  which  is  produced  in  our  sugar  houses  is  the  result  of 
imperfect  manufacture.  It  is  not  hence  to  be  inferred,  however, 
that  it  would  be  possible  to  manufacture  the  sugar  entirely  without 
a  residue  of  syrup  or  molasses.  A  syrup  at  4^^  density  contains 
83  per  cent,  of  sugar,  and  17  per  cent,  of  water,  but  if  this  syrup 
be  allowed  to  cool,  in  order  to  crystalize,  it  will  part  with  only 
50  per  cent,  of  sugar  in  crystals,  and  the  remaining  33  per  cent,  of 
sugar  will  be  mixed  with  the  17  per  cent,  of  water;  the  two  to- 
gether forming  what  is  called  the  mother  liquor,  or  mother  of  crys- 
tals. If  this  mother  liquor,  which  now  contains  one  third  of  wa- 
ter be  again  boiled,  so  as  to  concentrate  it  to  45^,  and  again  allowed 
to  cool,  the  proportion  of  crystals  will  again  be  the  same,  and  there 
will  remain  a  mother  liquor  which  it  will  be  necessary  to  reboil, 
so  that  the  process  might  be  continued  indefinitely,  and  there  would 
still  remain  a  sweet  liquid  containing  a  part  of  the  sugar.  How- 
ever perfect  the  system  of  manufacture,  therefore,  a  residue  of  mo- 
lasses or  syrup  will  always  be  obtained,  and  the  great  aim  in  this 
manufacture  must  therefore  be,  to  reduce  this  residue  as  far  as  pos- 
sible, or-  in  other  words  to  extract  from  the  juice  as  much  crys- 
talized  sugar  as  possible,  that  being  the  most  valuable  product. 
Now  it  has  been  found  that  a  high  temperature  and  long  exposure 
to  heat  are  the  two  gieatest  obstacles  to  the  crystalization  of  sugar; 
that  in  proportion  as  the  temperature  is  increased  the  quantity  of 
crystals  will  diminish,  and  further,  that  in  proportion  to  the  length 
of  time  that  heat  is  applied,  will  the  crystalizing  power  diminish. 
Repeated  experiments  have  placed  these  two  principles  beyond 
question.  Those  who  are  curious  on  this  subject,  will  find  a  very 
interesting  paper  in  the  seventh  volume  of  the  journal  of  the  Frank- 
lin .Institute,  translated  from  Hochstetter,  an  eminent  German 
chemist,  and  containing  a  series  of  experiments  made  on  sugar 
with  great  care.  It  results  from  these  experiments:  1st,  that  ac- 
cess of  atmospheric  air  is  not  only  a  condition  necessary  to  pro- 
duce vinous  fermentation,  but  also  to  effect  the  mucous  fermenta- 
tion in  the  expressed  juice  of  the  sugar  cane,  and  that  when  the  air 
is  excluded  no  change  takes  place;  2d,  that  a  pure  solution  of  su- 
gar is  changed  through  the  influence  of  atmospheric  air  at  a  com- 
mon temperature,  and  the  more  readily  the  more  numerous  the  sur- 
faces are  which  bring  them  into  contact,  and  that  this  process  is 
considerably  heightened  when  the  solution  of  sugar  contains  nitro- 
genous substances,  as  in  the  juice  of  the  sugar  cane.  This  is  an 
important  objection  to  the  condenser  ol  the  Derosne  and  Cail  ap- 
paratus; 3d,  that  heat  is  one  of  the  most  injurious  agents  during 
the  process  of  manufacture. 

''  A  simple  application  ol  ihese  principles  will  show  the  vast  su- 
periority in  the  manuiacVuce  by  the  vacuum  pan.     In  the  open  ket- 
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ties  the  syrup  is  brought  up  to  a  temperature  of  235^  at  least, 
before  it  is  at  the  proper  point  for  crystalliziug.  In  the  vacuum 
pan  the  temperature  is  onl^  160^.  In  the  open  kettles  the  juicei 
from  its  first  leaving  the  mill  till  it  is  concentrated  in  the  batteryi 
is  constantly  exposed  to  the  action  of  the  atmosphere.  In  the 
Rillieux  apparatus  it  is  almost  constantly  excluded  from  thin  influ- 
ence. Finally,  when  the  sugar  is  made  in  the  vacuum  pan  the 
simple  turning  of  the  steam-cock  shuts  off  the  heat  at  the  instant 
the  granulating  point  is  obtained,  and  the  whole  contents  of  the 
pan  are  then  discharged  in  a  homogenous  state.  In  the  open  bat- 
tery it  is  not  possible  to  stop  the  fire  when  the  proper  point  is  at- 
trained,  and,  during  the  whole  time  that  the  sugar  boiler  is  occupied 
in  discharging  the  battery,  the  syrup  is  becoming  more  and  more 
heated,  that  which  is  on  the  edges  of  the  surface  next  to  the  metal 
becomes  burnt  or  caramelized,  and  is  not  only  lost,  but  imparts  a 
deeper  color  to  the  rest  of  the  syrup,  and  also  aids  largely  in  form- 
ing  molasses,  by  preventing  crystallization  in  that  part  of  the 
syrup  with  which  it  becomes  mixed.'' 

"  The  effect  of  the  high  temperature  required  in  the  open  bat- 
tery is  such  that  it  is  almost  impossible  to  reboil  the  molasses 
which  drains  from  the  sugar,  so  as  to  obtain  a  second  crystallized 
product  in  the  manner  above  explained.  As  this  molasses,  when 
again  put  into  the  battery,  would  require  to  be  a  second  time  ex- 
posed to  a  temperature  of  235^  or  240^,  the  action  of  this  extreme 
heat  is  such  as  to  render  the  whole  mass  totally  uncrystallizable; 
but  in  the  vacuum  pan  the  reboiling  of  the  syrups  which  drain  from 
the  first  sugars  is  a  regular  pprt  of  the  daily  work;  and  this  re- 
boiling  has  been  effected  three  times,  with  successful  results  of 
crystallized  sugar  each  time.  But  the  advantages  of  the  vacuum 
pan  do  not  end  here;  for  it  is  an  easy  and  simple  matter,  in  using 
these  pans,  to  give  to  the  crystal  or  grain  of  the  sugar  any  size  re- 
quired by  the  caprice  oi  the  consumer.  Large  and  brilliant  crys- 
tals, resembling  sugar  candy  rather  than  the  sugar  of  commerce, 
can  be  obtained  at  will.  The  whole  process  is  under  the  complete 
control  of  the  manufacturer.  The  sugar  may  be  made  light  and 
porous^  or  compact  and  heavy.  None  of  this  control  is  possible 
with  an  open  fire,  of  which  it  is  impracticable  to  regulate  the  heat 
at  will." 

^'  It  may  not  be  uninteresting,  in  conclusion,  to  make  some  cal- 
culation of  the  pecuniary  results  from  the  introduction  of  this  im- 
proved apparatus.  I  speak  now  of  that  of  Mr.  Rillieux,  not  being 
able  to  give  as  yet  any  results  from  the  Derosne  and  Cail  appar- 
atus, which  has  not  hitherto  been  fully  tested  in  this  State.  Sup- 
pose a  plantation  to  produce  an  average  crop  of  five  hundred  hogs- 
heads of  sugar,  a  moderate  estimate  of  the  profits  of  the  apparatus 
would  comprise — 

Ist.  An  economy  of  one  and  a  half  cords  of  wood  for 

each  hogshead,  750  cords,  at  |2  60 $1,875  GO 

2d.  An  increased  value  of  at  least  one   and  a  half  cent 

Jer  pound,  in  the  quality  of  sugar  produced,  equal  to 
15  per  hhd 7,600  00 
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3d.  At  le#Kt  25  per  cent.  additioDal  sugar  obtained  from 
the  molasses,  say  125  bhds.,  at  $60 $7,500  00 

From  ivhich  must  be  deducted  the  price  that 
would  have  been  obtained  for  the  molassesi 

15,625  gallons,  at  15  cents 2,343  75 

5,156  85 

14,631  25 

^^  Making  the  enormous  difference  of  $14,531  25  in  the  annual  re- 
venue of  the  planter  who  makes  an  average  crop  of  five  hundred 
hogsheads.  I  am  aware  that  this  result  is  so  startling  as  to  pro- 
voke incredulity,  yet  I  have  purposely  placed  the  lowest  estimate 
possible  in  each  item  of  the  calculation.  That  there  are  some  draw- 
packs  is  not  to  be  denied.  I  consider  it  not  to  be  at  all  practicable, 
or,  if  so,  highly  imprudent  to  rely  on  slaves  to  work  the  appara- 
tus. I  think  that  the  planter  who  determines  to  adopt  the  improve- 
ments E^hould  make  up  his  mind  to  have  in  his  employ  at  least  two 
white  persons  to  take  charge  of  the  apparatus  during  the  grinding 
season,  so  as  to  have  at  least  one  white  person  at  the  pans  on  each 
watch.  Sugar  boilers  accustomed  to  the  labor  and  understanding  the 
working  of  the  vacuum  pans  can  be  obtained  without  difficulty  for 
from  five  to  seven  hundred  dollars  each  during  the  grinding  season, 
and  will  soon  be  obtained  at  a  lower  rate,  as  the  demand  for  services 
will  increase  their  number,  and  competition  will  reduce  the  price, 
for  the  labor  is  not  severe  and  lasts  but  seventy  or  eighty  days. 
The  negroes  too,  who  are  employed  in  the  sugar  house,  require 
some  instructions  in  the  different  processes  of  defecation,  filtration, 
revivification  of  the  bone  black,  &c.,  but  all  these  matters  are  of 
trifling  moment  compared  with  the  great  results  to  be  attained. 

^4n  concluding,  may  I  not  be  alloweu'  to  congratulate  your  rea- 
ders  on  the  prospects  of  permanent  prosperity  in  this  the  most  impor- 
tant branch  in  our  State  industry,  and  largest  resource  of  State 
wealth.  A  foitunate  concurrence  of  circumstances  rendered  harm- 
less the  reduction  in  the  protective  duty  which  had  been  levied  in 
favor  of  this  very  extensive  manufacture.  The  sudden  and  unex- 
pected repeal  by  Qreat  Britain  of  that  provision  in  her  laws,  which 
discriminated  between  sugar  grown  by  slave  labor  and  by  free  labor, 
has  destroyed  the  barrier  of  prohibition  which  prevented  the  import 
into  that  country  of  the  Cuba  sugars;  and  the  still  farther  prospec- 
tive reduction  in  the  Eng'ish  duties  secures  us  against  a  competi- 
tion which  must  have  ruined  two-thirds  of  our  planters.  The  large- 
Iv  increased  consumption,  which  must  inevitably  result  in  Great 
Britain  from  the  reduction  of  prices  consequent  on  the  diminution 
of  the  duty,  will  suffice  to  absorb  so  great  a  portion  of  the  Cuba 
crop  as  to  leave  to  our  State  almost  the  exclusive  supply  of  the 
home  market.  The  extent  to  which  the  production  of  sugar  can  be 
carried  in  Louisiana  is  appreciated  but  by  few;  but  those  who  re- 
flect on  the  subject  and  who  feel  an  interest  in  all  that  concerns  the 
prosperity  of  our  State,  foresee  withexultation'the  day  not  far  dis- 
tant when  boundless  tracts  now   covered  by  the  primeval  forest, 
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«ball  teem  with  pleoteous  harvests  of  the  cane;  when  nearly  every 
plaatatioQ  shall  be  a  manufactory  of  refined  sugar,  supplying  not 
only  the  wants  of  our  own  country,  but  forming  a  large  item  in  our 
annual  exports;  when,  in  a  word,  the  industry  and  enterprise  of 
Qur  population  shall  succeed  in  developing  to  their  full  extent  the 
resources  which  a  bounteous  Providence  has  lavished  on  4his  fa- 
vored land." 

Finally,  in  De  Bow's  Review,  vol.  4,  page  425,  Mr.  Lesseps 
gives  the  following  experimental  results : 

^^  Having  a  desire  to  ascertain  the  difference  that  might  exist  in 
the  manner  of  making  sugar  by  the  ordinary  kettles,  %nd  the  appa- 
ratus of  Rillieux,  I  caused  to  be  cut  down  25  arpents  of  cane,  on 
the  12th  of  November  last,  which  I  made   into  Sugar,  and  which 

Jielded  26  hogsheads,  and  about  73  gallons  of  molasses  per  hogs- 
ead." 
^^Five  days  later  I  had  25  arpents  more  cut  down  in  the  same 

£art  of  the  field,  which,  by  the  apparatus  of  Rillieux,  yielded  32 
ogsheads  of  sugar,  and  63  gallons  of  molasses.  The  average 
weight  of  the  two  qualties  was  from  1,050  lbs.,  to  1,075  net." 

**In  order  that  the  one  mode  of  making  sugar  should  have  no 
advantage  over  the  other,  I  caused  these  60  arpents  of  cane  to  be 
cut  in  the  following  manner: 

^^My  field  presents  a  front  of  10  arpents  by  6  feet  in  depth.  I 
took  numbers  1,  3,  6,  7  and  9  for  the  kettles,  and  numbers  2,  4, 6,  8 
and  10  for  the  apparatus  of  Mr.  Rillieux." 

<^0n  my  plantation  at  Poverty  Point,  I  had  66  hogsheads  of  su- 

far  on  the  cistern;  with  the  molasses  which  drained  from  the  same, 
obtained  about  22  hogsheads  of  sugar  by  a  second  operation." 

The  preceding  statements  serve  to  prove:  1st,  that  decided  ad- 
vantages attend  the  use,  both  of  the  systems  of  Derosne  and  Ril- 
lieux, in  place  of  the  open  pans  which  are  generally  employed. 
2d,  that  those  planters,  who  have  tried  these  systems,  appear,  respec- 
tively, to  prefer  that  which  they  have  adopted.  To  decide  their 
comparative  merits  in  a  practical,  and  entirely  satisfactory  manner, 
it  is  necessary,  either  tbat  such  complete  data  as  thos^  spoken  of 
by  Mr.  Lapice,  in  the  letter  above  referred  to,  should  be  furnished 
for  each  system;  or  that  some  enterprising  planter  should  subject 
the  two  systems  to  a  perfectly  similar,  thorough  and  impartial  tria). 
Such  information  is,  at  present,  very  desirable;  and  in  the  absence 
of  it,'  those  planters  who  haye  hitherto  used  open  pans,  and  who 
wish  to  adopt  the  most  improved  method  and  apparatus,  must  be 
guided  very  much  by  interested  statements,  which  are,  of  courpie, 
to  be  received  with  sreat  cautioui  and  by  opinions,  which,  hpwever 
probable,  are  yet  liable,  more  or  less,  to  error  and  uncertainty. 

In  my  report  on  the  manufacture  of  sugar,  in  1847,  I  not  only 
classified  and  described  the  various  kinds  of  apparatus  used  for 
evaporating  saccharine  solutions,  (which  descriptions  were  design- 
ed, not  for  machinists,  but  for  planters  and  refiners,  and  were, 
therefore,  prepared  without  that  degree  of  care  which  would  have 
prevented  some  slight  inaccuracies  of  detail  which  occurred  both 
in  the  diagrams  and  in  the  text,)  but  I  also  stated  the  practical  re- 
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BHlts  which  had  attended  their  use,  and  frankly  expressed  my  opiir- 
ions  in  each  instance,  where  any  uncertainty  seemed  to  exist — as- 
signing for  such  results,  and  such  opinions,  reasons  founded  only 
on  physical  laws.  Errors  of  fact  have  been  pointed  out,  which  I 
have  endeavored  to  correct  in  this  revised  edition;  but  my  opinions^ 
some  of  which  have  been  freely  criticised,  remain,  after  full  and 
candid  consideration  of  those  criticisms,  and  increased  information 
on  my  part,  generally  confirmed  rather  than  altered  or  dispelled. 
To  the  planters  it  belongs  to  judge  to  what  extent  they  may  be 
erroneous,  or  worthy  of  any  confidence. 

In  article  3D,  page  86,  of  my  report,  I  made  the  following  remark: 

^'To  planters  who  are  obliged  to  depend  greatly  upon  the  begassa 
of  the  crop  for  their  supply  of  fuel,  Rillieux's  system  presents 
great  advantages  over  all  others;  for  the  economy  of  fuel  is  so  great 
in  it,  that  the  begassa  alone  is  amply  sufficient  for  the  crop,  even 
in  Louisiana,  where  the  immature  nature  of  the  cane  and  the  humi*' 
dity  of  the  climate  are  far  less  favorable  for  drying  begassa,  and 
where,  therefore,  this  article  is  much  inferior  to  that  used  in  the 
West  Indies.  But  if  fuel  be  abundant^  an  open  steam  evaporating 
pan  for  concentration  to  27  deg.  Beaum6,  and  a  simple  vacuum 
pan,  either  that  of  Howard  or  that  of  Rillieux,  will  give  equally 
.satisfactory  results;  the  juice  being  in  each  case  similarly  defecated 
and  filtered  through  bone  black." 

This  statement  was  criticised  by  Mr.  Rillieux,  in  De  Bow's  Re- 
view, vol.  5,  page  292,  as  follows: 

"Since  Mr.  McCulIoh  was  in  Louisiana  many  apparatus  have 
been  used,  and  amonp:  them  the  kind  above  referred  to  by  Messrs. 
Gordon,  Johnson,  &  Osgood,  and  the  result  is  far  from  being  as 
satisfactory  as  by  the  *  N.  Rillieux's  Apparatus.'  The  sugar  is  in- 
ferior in  quality,  and  the  consumption  of  fuel  is  from  15  to  25  per 
cent,  greater  than  by  the  common  set  of  kettles.  It  is  true,  how- 
ever, that  such  apparatus,  or  a  double  vacuum  pan  apparatus,  if 
properly  built,  will  give  as  good  and  as  much  sugar  as  Rillieux's, 
and  consume  no  more  wood  than  a  good  set  of  kettles.  But  neither 
Professor  McCulloh,  nor  any  other  writer  on  sugar  apparatus,  has 
yet  pointed  out  the  indispensable  requisite  to  obtain  such  a  result; 
and  the  apparatus  built  in  this  or  any  other  country  are  a  positive 
proof  that  the  builders  are  not  aware  of  this  requisite.  Now  I  will 
endeavor  to  come  to  a  true  estimate  of  the  relative  value  of  these 
apparatus  of  the  same  boiling  power,  giving  the  same  quantity  and 
quality  of  sugar.  One  an  open  steam  evaporating  pan  and  strike 
vacuum  pan — one  double  vacuum  pan  apparatus — and  a  N.  Ril- 
lieux's three  pan  apparatus.     Thus: 
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<*The  tbore  ttble  ihowi  the  prieet  of  the  three  different  apptrt- 
tus.  each  of  8,000  lbs.  boiling  powefi  set  np,  inclading  brick  work 
and  carpenter's  work,  to  be  VT,900|  t9|000,  and  $10,800.  Now, 
the  saying  of  fael  by  the  laBtnipparatQioii  th)B  frit  erati  of  4^,000 
lbs.  ojf  first  sogar  is  $9|5!27  60,  and  if  this  jsayingbe  credited  to  the 

{rice  of  tlfat  apparatus,  then  thej  stand  thaiH^,900y  fO^QOD,  tad 
$,67$  60;  and  the  thpee  pan  N.  Rillienx  a^paratne  coeta  leu  bj 
$i27  60  thaa  tl^  doable  Taennm  pan  f pparatna,  und  $667  6d  moie 
than  the  open  steam  pan  and  Taennili  pUn  aM>prn|aa  after  the  fimt 
ciop.  And  if  SO  per  cent,  be  a  fair  return  ff^r  outlay  |&  apparatosi 
then  the  three  pan  N.  Rillienx  apparataf,  lihich  smTea  aaaoiUy 
1^,227  60  in  fuel,  is  worth  $11,137  60  more  than  the  two  edier  ap- 
paratus. .I^he  price  of  a  <<N.  Rillienz''  three  pan  8,p00  lbs.  boiliag 
powf I  apparatus,  set  up  complete,  includipg  the  brick  and  carpea- 
ter's  work,  being  $10,800,  the  others  are  worthy  eet  up,  brick  aai 
carpenter's  work  inclif ded,  $337  60  tof  i^an  noihing}  sad  if  thf 
planter  has  to  pay  for' the  brick  apd  carpenter'a  w^irk  nansaal,  theii 
the  builders  of  those  two  apparatus  ought  to  gire  then,  set  up 
complete,  and  $1,837  60  besides,  to  the  planter,  to  put  hiv  i>  the 
same  ecpnoffiipal  iitaatiQu  la  if  he  had  parfihaand  ike  V.  Rillieiix 
apparfktus.^ 

To  theae  remarks  of  Mr.  Rillieux  I  may  reply  that,  in  the  ve^ 
paragraph  which  he  quotes  I  admit  and  assert  thei  aaperiority  ofhn 
apparatus  with  refereuoe  to  this  ecoaoniy  in  fuel,  for  which  he  coy- 
tends,  and  which  I  also  endeavored  to  proye  by  calculatioas  in  ar- 
ticle 33;  and  that  he  seems  to  assent  to  my  statement,  if  the  appa- 
ratus be  "properly  built" — a  condition  implied. 

In  the  same  number  of  De  Bow's  Review,  vol.  5,  page  285,  there 
was  published  a  letter  from  Mr.  Rillieux  to  Mr.  W.  £.  Thompsou, 
dated  January  29,  1S48|  which  the  latter  gentleman  also  caused  to 
be  printed  anu  issued  in  the  form  of  a  circular.  In  that  letter  Mr. 
Rillieux  says: 

^^There  are  in  now  in  Louisiana  eight  different  methods  used  is 
making  sugar,  viz: 

1st.  The  old  set  of  kettles; 

2d.    Set  of  kettles  for  syrup,  strike  high  pressure  steam  pan; 

3d.    Set  of  kettles  for  syrup,  and  strike  vacuum  pan; 

4th.  Open  high  pressure  steam  pans  for  syrup  and  strike; 

5th.  Open  high  pressure  steam  pans  for  syrup  and  strike  vacuaD 

pans; 
6th.  One  syrup  and  one  strike  vacuum  pan,  clarifiers  and  filten; 
7th.  ^Degrand's'  apparatus,  clarifiers  and  filters; 
8th.  N.  Rillieuz's  three  and  four  pan  apparatus,  clarifiers  and  fil- 
ters." 

For  the  comparative  results  of  these  methods  he  gives  the  fol- 
lowing tables,  the  first  of  which  I  have  modified,  but  in  its  arrange- 
ment only: 
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In  the  remarks  accompanying  th^se  tables,  Mr.  Rillieux  estimates 
the  consumption  of  fuel,  for  eyerj  1,000  pounds  of  sugar,  at  3  to 
4  cords  of  wood  in  methods  1,2,  and  3;  at  4  to  6  cord?,  in  methods 
4  and  6;  at  3  to  3^  cords,  in  method  6;  at  lj|  to  1|  cords,  in  method 
7;  and  in  method  8,  at  0.9  to  1.5  cords,  ior  the  three-pan  appa* 
ratus,  and  from  j|  to  |  of  a  cord  for  his  four-pan  apparatus. 

He  claims  for  ^he  sugar  made  with  his  apparatus  a  superiority  in 
quality,  though  not  in  quantity,  over  that  manufactured  by  methods 
6  and  7;  and  he  asserts  that  syruped  tiger  sugar  made  with  his  ap- 

Saratus  by  Messrs.  Benjamin  and  Packwood  sold  for  8  cents,  while 
[r.  Lapice's  syruped  tiger  sugar,  made  by  method  7,  sold  in  hhds. 
marked  Nos.  1,  2,  and  3,  at  7,  6,  and  5  cents.  Mr.  Rillieux  states 
that  bhd.  sugar  made  by  method  6,  sold  at  6  cents,  while  sugar  of 
the  same  kind  made  with  his  three-pan  apparatus  brought  6^  cents. 
Of  Degrand's  apparatus  he,  however,  says:  '^The  7th  method  ought, 
I  think,  to  give  as  much  and  as  good  sugar  as  the  following,  but 
has  not  yet  done  so;"  the  correctness  of  which  assertion  was  sub- 
sequently denied  by  Mr.Valcour  Aime,  who  professed  to  have  made, 
by  that  method,  ^^from  cane  juice,  sugar  of  a  higher  grade,  and 
which  is  sold  at  better  prices  than  any  which  has  hitherto  been 
obtained  by  the  Rillieux  apparatus." 

From  the  data  of  the  first  of  the  above  tables,  Mr.  Rillieux  con* 
eludes  that  the  profit  on  one  crop  by  method  8  over  each  of  the 
other  methods  of  that  table  ^^exceeds  the  entire  cost  of  an  N.  Ril- 
lieux apparatus,"  and  that  the  worst  method  is  the  fourth.  From 
the  results  of  the  second  table,  he  contends  ^^that  at  the  price 
Messrs.  Merrick  and  Towne  sell  Hhe  Rillieux  apparatus,'  prefer-  • 
ence  should  be  given  to  the  double  vacuum  pan  apparatus,  only  if 
they  can  be  had  already  set  up  for  nothing,  and  Degrand's  appa- 
ratus is  only  worth  half  the  price  of  Rillieux's  four-pan,  and  three- 
fourths  the  price  of  Rillieux's  three- pan  apparatus  of  the  same 
boiling  power." 

Mr.  Rillieux  also  says  that^^the  first  and  second  methods  are  in 
general  use  in  Louisiana,  and  give  very  nearly  the  same  sugar,  and 
exactly  the  same  quantity.  Nearly  the  whole  profit  from  a  steam 
battery  arises  from  the  boiling  of  the  molasses.  The  different 
strike  high  pressure  pans  give  the  same  result,  but  the  worms  are 
the  best  as  they  cost  less,  and  are  easier  kept  in  re^^air.  Sugar 
made  altogether  in  open  high  pressure  steam  pans  is  worth  less  by 
}  to  ^  cent  per  pound  than  if  made  by  the  set  of  kettles,  and  the 
consumption  of  fuel  is  16  to  26  per  cent,  greater.  Sugar  made  In 
a  set  of  kettles  and  finished  in  a  vacuum  pan  of  any  description, 
when  well  made,  is  worth  ^  to  |  cent  per  pound  more  than  when 
made  by  kettles  aloAe.  The  profit  arising  from  a  strike  vacuum 
pan  pays  back  twice  the  outlay  in  one  crop." 

The  printed  circular  from  which  these  tables  and  statements  of 
Mr.  Rillieux  are  extracted  led  to  a  newspaper  controversy,  ia 
which  their  correctness  was  disputed.  The  merits  of  that  contro- 
versy I  shall  not  presume  to  determine.     In  August  last  Mr.  Ril- 


lieux handed  me  a  copy  thereof,  together  with  ttie  cvtc\il^x.^'^^^\s!L- 
pb}et  bj  M.  JD^grand;  '^Sur  T evaporation  des^  l\()u\iit%  \uc<t^^v  *^ 
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a  letter  addressed  to  me  by  himself;  the  object  of  which  is  stated 
to  be  to  call  attention  to  some  inaccuracies  in  my  report,  *^  so  that 
they  may  be  corrected  in  the  forthcoming  reprint.'' 

In  Mr.  Rillieux'is  letter  to  me,  he  says:  ^^It  is  difficult  to  get 
precipe  data,  because  the  planters  are  averse  to  making  their  ope- 
rations known.  I  was,  therefore,  in  some  cases  compelled  to  get 
my  information  from  persons  employed  on  the  plantations.  The 
general  correctness  of  the  statements  may  be  inferred  from  the  fact 
that  only  two  of  the  planters  have  made  any  objection  thereto. 
One  objected  to  the  statements  in  the  report,  and  I  refer  you  to  a 
newspaper  correspondence,  from  which  you  may  judge  of  the  merits 
of  the  case.  The  other  briefly  denied,  in  general  terms,  the  cor- 
rectness of  the  statement  respecting  his  crop."  Mr.  Rillieux  then 
proceeds  in  his  letter  to  maintain  the  contrary.  I  do  not  know 
whether  or  not  Mr.  Rillieux  desired  me  to  make  any  use  of  his 
cammunication,  except  for  the  correction  of  inaccuracies  in  my 
report.  As  it  is  in  part  controversial,  I  do  not  feel  at  liberty  to 
embody  it  in  a  congressional  document;  but  I  have  no  wish  to 
withhold  information  from  the  public,  and  I  shall,  therefore,  send 
a  copy  of  it  to  the  editor  of  De  Bow's  Review,  to  be  published 
ornot,  as  he  may  prefer.  In  this  document,  I  will  give  only 
such  extracts  as,  in  my  opinion,  can  be  made  with  perfect  pro- 
priety, and  as  may  seem  necessary,  in  order'  to  do  justice  to 
every  one,  and  at  the  same  time  to  throw  light  upon  the  general 
subject  of  the  sugar  industry. 

Mr.  Rillieux  also  says:  '^  1  come  now  to  my  apparatus  for  ma- 
king sugar;  the  invention  of  which  I  am  prepared  to  trace  back  to 
January  or  February,  1832,  by  the  testimony  of  gentlemen  of  the 
higuest  standing  in  Louisiana.  In  1834,  a  part  of  my  invention 
was  described  to  Derosne  and  other  persons  in  France;  and  subse- 
quently, my  idea  of  boiling  one  vacuum  pan  by  the  vapor  from 
another,  was  conveyed  to  him  by  persons  who  can  be  traced.  In 
1843,  Derosne  made  a  trial  of  the  last  idea,  in  such  a  defective 
manner  as  to  show  plainly  that  he  did  not  comprehend  it.  Mr. 
Dumas,  in  the  sixth  volume  of  his  chemistry,  gives  a  drawing  of 
that  apparatus  tried  by  Derosne,  which  you  have  copied  in  your 
report,  and  stated  to  be  the  same  you  saw  in  operation  in  Cuba,  on 
the  estate  of  Don  Villa  Urutia,  and  on  the  Amistad  estate  near 
Guines,  owned  by  the  widow  Ayesteran  and  her  sons.  I  have  re- 
cently seen  all  the  apparatus  set  up  by  Derosne  in  the  island  of 
Cuba,  except  that  of  Don  Contero,  and  none  of  them  use  the  steam 
of  one  pan  to  boil  another.  I  afterwards  saw  Don  Contero  in  Ha- 
vana, and  he  informed  me  it  was  not  so  used  in  his  apparatus. 
Don  Ayesteran  told  me  that  when  you  visited  their  plantation  he 
had  only  one  vacuum  pan  with  a  Degrand  condenser."  The  inac- 
curacy in  my  report,  which  is  pointed  out  in  the  passage  just  quo- 
ted, has  been  corrected  in  this  revised  edition;  but  the  more  fully 
to  do  him  justice,  I  give  Mr.  Rillieux's  statement,  and  cheerfully 
aclcnowiedge  that  it  is  true  in  as  far  as  it  relates  to  myself,  as  well 
as  fiat  I  erred  througVi  Vn^Avenetie^. 
Finally  J  he  adds:  *^  1  VianA  ^oxx  V^te.m\\jk.  ^  Y^\\^v>:\^\k  V^  \^^- 
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grand,  in  which  he  asserts  and  proves  that  Derosne,  so  far  from 
improving  the  apparatus  invented  by  him,  has  actually  injured  it 
by  his  modifications. 

<^  Derosne  also  attempted  to  deprive  Degrand  of  the  credit  of  his 
invention;  but  the  royal  coart  of  Paris  recognized  his  rights,  de- 
clared him  to  be  the  only  and  true  inventor,  and  ordered  Derosne^ 
under  a  heavy  penalty,  to  take  off  his  own  name  as  inventor  from 
all  the  apparatus  he  had  made,  and  substitute  ^Degrand,  inventor,' 
in  large  letters.  In  justice  to  the  inventor,  I  suggest  that  you  re- 
cord this  fact  in  your  report."  In  publishing  this  extract  from  Mr. 
Rillieux's  letter  to  me,  I  neither  assert  nor  question  its  accuracy^ 
of  which  I  know  nothing;  to  Mr.  Derosne,  who  has  been  dead 
these  two  jears,  it  no  longer  matters  what  claims  to  invention  may 
be  made  by  others.  I  would,  however,  tread  lightly  on  the  ashes 
of  the  dead,  as  well  as  respect  the  living;  and  I  shall,  therefore, 
make  use  of  only  such  portions  of  Mr.  Degrand's  pamphlet  (which 
appears  to  be  a  hostile  attack  upon  MM.  Derosne  and  Cail)  as  are 
not  controversial.  I  will,  however,  send  to  De  Bow's  Review  a 
translation  of  the  entire  pamphlet,  that  its  contents  may  be  known 
to  the  planters,  and  criticised  bv  any  one  who  may  see  fit. 

The  following  statement  of  Mr.  Degrand  is  at  least  interesting, 
if  not  valuable:  ^^The  present  state  of  the  manufacture  of  sugar  in 
France,  so  far  as  the  evaporation  of  saccharine  liquids  is  concerned, 
is  as  follows:  the  arrangements,  acting  continuously  upon  thin 
layers  of  syrup,  heated  by  high  pressure  steam,  and  exposed  freely 
to  the  air,  have  been  abandoned;  because,  among  the  numerous  va- 
rieties which  have  been  tried,  none  have  fulfilled  the  condition  of 
good  working.  There  are  some  manufacturers  who  evaporate  en- 
tirely in  bascule  pans,  exposed  to  the  direct  action  of  the  fire  and 
to  the  air;  occupying  two  hours  and  a  quarter  to  bring  the  juice 
of  the  sugar  beet  to  18®  or  20°  Beaum6,  and  three-quarters  of  an 
hour  to  bring  this  syrup  to  the  striking  point.  Some  evaporate  the 
juice  in  these  pans  to  18^  or  20^  Beaum^,  and  then  employ  opt  n 
pans,  heated  by  steam,  to  reduce  the  syrup  to  its  proper  density; 
others,  who  evaporate  entirely  by  steam  at  150°,  in  open  pans,  take 
thirty  to  thirty-five  minutes  for  evaporation  to  18°  or  20°  Beaum^^ 
and  fifteen  minutes  for  concentration.  All  these  manufacturers 
produce  sugar  of  good  quality.  Others,  aeain,  evaporating  entire- 
ly by  the  Degrand  apparatus,  such  as  MM.  Derosne  and  Cail  con- 
struct, do  not  produce  a  sugar  of  irreproachable  quality,  but  at 
least  obtain  it  with  economy  in  fuel.  Still,  others,  by  making  use 
of  the  Howard  apparatus,  obtain  a  good  sugar;  while  there  are 
some  who,  with  the  same  apparatus,  produce  sugar  in  a  pasty  con- 
dition. And  finally,  good  results  are  obtained  by  evaporating  with 
steam  at  150°,  in  open  pans,  to  18^  or  20°  Beaum6,  and  tiien  em- 
ploying a  vacuum  apparatus  of  either  double  or  single  effect,  to 
bring  the  syrup  to  the  striking  point  and  to  work  molasses." 

^' From  the  whole  of  these  practical  results,  it  seems  that,  if 
only  the  quality  of  the  sugar  produced  is  considered,  there  is  but 
little  reason  to  prefer  one  kind  of  pan  to  another;  but  this  vle^  o{ 
the  subject  would  be  incomplete)  lot  \\.  \i^  ^'^k^  xife^^.'^'^.'^v^  v^  \'^^ 


[50] 


640 


into  consideraiion  the  coloration  of  the  sugar  more  or  less  decided, 
as  well  as  the  quantities  of  sugar  respectively  produced  by  a  given 
weight  of  beet  juice,  supposing  all  the  circumstances  of  the  manu- 
fiacture  similar,  except  the  pans  or  the  evaporating,  apparatus.  As 
for  the  coloration,  the  sugar  coming  from  pans  exposed  directly  to 
the  fire  is  a  little  more  colored  than  that  which  is  obtained  by 
heating  with  steam  at  ]50^,  in  open  pans;  and  this  last  does  not 
attain  to  the  whiteness  of  sugar  evaporated  in  vacuum  apparatus. 
On  the  other  hand,. the  quantity  of  sugar  produced  is  as  much 
greater  as  the  coloration  is  less  decided." 

The  paragraph  just  quoted  appears  somewhat  inconsistent,  for 
the  quality  of  sugar  is  certainly  afifected  by  its  color;  those  pans 
which  give  sugar  of  superior  whiteness  may,  therefore,  be  said  to 
produce  it  of  higher  quality.  And  if  we  consider  the  term  quality 
as  technically  synonimous  with  crystalline  grain^  Mr.  D6grand  can 
scarcely  be  understood  to  imply  that  this  does  not  vary  with  the 
different  kinds  of  apparatus. 

Mr.  D6grand  undertakes,  in  his  publication,  to  institute  a  de- 
tailed comparison  between  his  own  vacuum  apparatus  and  that  of 
Howard,  taking  into  account  the  original  cost,  expenses  of  work- 
ing, and  compound  interest  thereon.  But  while  he  sets  forth  fully 
all  the  advantages  of  his  own  and  the  disadvantages  of  that  of 
Howard,  which  he  overrates,  he  neglects  to  present  distinctly  the 
corresponding  defects  of  the  one  and  merits  of  the  other.  He  hlso 
draws  this  comparison,  not  between  Howard's  pan  and  his  own,  as 
constructed  by  MM.  Derosne  and  Cail,  and  tested  by  experience, 
but  between  that  pan  and  his  proposed  arrangements,  which  have 
been  insufficiently  tried;  and  the  conclusions  which  he  deduces 
are,  therefore,  not  only  affected  by  the  bias  of  his  mind  in 
favor  of  his  own  contrivances,  but  based  upon  data  which  are 
more  or  less  hypothetical.  It  should  be  borne  in  mind  that 
it  is  only  in  economy  of  fuel,  resulting  from  the  use  of  the 
latent  heat  contained  in  the  vapor  which  escapes  from  the  boil- 
ing sjrup,  that  the  apparatus  of  either  Mr.  Degrand  or  Mr.  Ril- 
lieux  possesses  any  advantage  over  that  of  Howard;  and  that  any 
fair  comparison  requires  that  each  of  these  systems  should  be  al- 
lowed all  the  accessory  advantages  which  it  can  derive  from  such 
ingenious  means  as,  for  instance,  that  of  using  for  evaporation  the 
exhaust  steam  of  the  engine  of  the  rolling  mill,  previously  em- 
ployed expansively  by  means  of  a  cut  off.  All  such  accessory  ad- 
vantages are  excluded  by  M.  Degrand  from  his  notice  of  Howard's 
pan,  while  be  gives  it  two  steam  engines  and  separate  boilers  to 
perform  the  pumping  operations  it  requires.  With  this  brief  re- 
view, I  take  leave  of  his  pamphlet  for  the  present,  reserving  more 
extended  criticisms  for  such  remarks  as  I  may  see  fit  to  annex  to 
it  if  published  in  De  Bow's  Review. 

In  conclusion,  although  1  have  set  forth  the  principles  upon 
which  economical  evaporation  depen<is,  somewhat  briefly  perhaps, 
but  as  clearly  as  is  requisite  fur  the  comprehension  oi  an  intelli- 
gent mind,  yet  it  ma^  be  >N't\\  Vo  q^\;\  ^ouie  remarks,  which  may 
serve  either   to  present  ibem  laoi^  ImW^  ^v:^^  l^\v:^\>^^^\  \.^  vAmcI- 


641  [  50  ] 

date  their  connexion  with  the  practical  problem   to   which   every 
sugar  manufacturer  needs  to  apply  them. 

On  page  236  abovei  I  have  enumerated  certain  established  physi- 
cal truths,  which  are  particular  cases  under  the  following  general 
laws: 

1st.  It  is  not  less  impossible  to  create  power  than  matter.  Chem- 
istry has  long  since  acknowledged  that  in  all  the  transformations 
which  matter  undergoes,  by  reason  of  natural  or  artificial  influenceSi 
it  suffers  no  change  but  that  of  form.  Not  a  particle  if  either  cre- 
ated or  destroyed.  Similarly,  by  the  discoveries  of  mbdern  me- 
chanical and  physical  science  it  has  been  established|  that  we  may 
modify  the  action,  but  can  in  no  way  increase  or  diminish  the  quan- 
tity of  force.  We  may  expend  it  slowly  or  rapidly.  And  by  our 
arrangements  we  may  employ  it  either  economically  and  effectually^ 
or  wastefully  and  in  the  production  of  useless  results.  There  ig 
power  in  a  pound  of  coal,  by  combustion  with  the  oxygen  of  the 
air,  to  develope  a  certain  quantity  of  heat;  that  heat,  if  applied 
entirely  to  the  conversion  of  water  of  given  temperature  into  vapor, 
is  capable  of  evaporating  a  certain  invariable  quantity.  But  if,  in 
the  apparatus  used  for  the  purpose,  more  or  less  is  lost  by  absorp- 
tion, conduction,  radiation,  &c.,  the  effective  evaporating  result 
will,  of  course,  be  proportionally  d  iminished.  Hence,  furnaces  should 
be  so  contrived,  when  practicable,  that  the  amount  of  heat  wasted 
shall  be  a  minimum  quantity;  and  all  attempts  to  increase  their 
power,  in  any  other  way  than  by  preventing  loss  of  heat,  are  un- 
scientific ^nd  visionary. 

2d.  Force  expended  in  producing  an  effect  is  not  destroyed."^ 
When  water  is  converted  into  steam,  the  heat  which  causes  this 
change  is  not  annihilated;  it  is  communicated  to  and  abides  in  the 
steam;  and  if,  by  condensation,  it  be  imparted  to  another  and  like 
quantity  of  water,  this  in  turn  will  be  converted  into  vapor,  which 
also  may  yield  it  to  a  third  portion;  from  which  it  can  pass  to  a 
fourth,  and  so  on,  ad  infinitum;  each  portion,  successively,  assum- 
ing the  state  of  steam  and  reverting  into  that  of  water,  by  receiv- 
ing and  then  imparting  the  heat  which  causes  its  transformation. 
Nothing  is  thus  created — nothing  destroyed. 

In  practical  operations,  however,  it  is  impossible  to  apply  any 
power  without  waste;  and  we  cannot,  therefore,  use  the  same  heat 
successively  without  limit  and  without  rapidly  decreasing  effective 
results.  The  causes  of  loss  being  those  mentioned  above — absorp- 
tion, conduction,  radiation,  etc. 

I  have  not  hesitated  to  express  the  opinion  of  Mr.  Rillieux's  ap- 
paratus, that  it  possesses  superior  advantages  to  that  of  Derosne, 
and  to  all  other  apparatus  for  evaporating  syrups  in  vacuo  which 
has  been  practically  tested,  and  of  which  I  have  any  knowledge; 
because  he  alone  of  those  who  have  offered  their  inventions  for  that 
purpose  to  the  public,  seems  to  me  to  have  clearly  apprehended  the 
idea  of  using  the  latent  best  of  steam  successively^  and  to  have  so 
constructed  his  apparatus  as  to  realize  this  idea  practically,  thereby 
attaining  that  economy  in  the  expenditure  of  fuel,  or  heating  power, 
which  necessarily  results  from  its  contluwou^  ^ifiL^\^^^^^\iN.  ^^:^v^ 
il 
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}o6t  by  the  operation  of  accidental  causes.  It  is  true  that  Degrand's 
condenser,  or  serpentine  tube,  permits  the  latent  heat  of  the  steam 
from  the  vacuum  pan  to  be  used  a  second  time;  but,  so  far  from 
attempting  to  employ  the  vapor  which  escapes  from  the  juice  con- 
centrated upon  the  outside  of  that  condenser,  he  permits  it  to  es- 
cape freely  into  the  air,  while  Rillieux  uses  the  heat  of  steam  again 
and  again. 

While,  however,  I  have  confidently  asserted  that  the  apparatus 
of  Rillieux^ust  be  more  economical,  I  have  not  hesitated  to  ex- 
press the  £rm.  conviction,  tLat  either  the  vacuum  pan  of  Howard, 
or  that  of  Derosne  and  Degrand,  possesses  equal  advantages  for  the 
manufacture  of  sugar  of  perfect  quality.  It  matters  not  what  may 
be  the  form  of  the  pan,  or  what  are  the  mechanical  arrangements 
by  which  the  vacuum  is  produced,  if  that  vacuum  be  sufficiently 
perfect,  and  the  air  pump,  whether  simple  or  combined  with  a  con- 
denser, be  powerful  enough  to  maintain  it  when  formed,  ebullition 
will  take  place  at  a  low  temperature,  and  sugar  of  chemical  purity 
will  be  made  from  pure  svrup.  The  size  of  the  vacuum  pan,  and 
the  rapidity  with  which  the  operation  is  conducted,  will  exercise 
an  influence  upon  the  grain.  But  apart  from  advantages  of  mechani- 
cal construction  and  economy  in  fuel,  I  must  confess,  I  can  see  no 
cause  for  preference  of  either  one  of  these  arrangements  for  evap- 
orating in  vacua  to  the  others. 

Although  I  accord  to  the  apparatus  of  Rillieux  superiority  over 
others  now  in  use,  I  do  not  consider  it  incapable  of  improvement, 
however  admirable  in  its  present  construction;  and  it  would  not 
be  difficult,  I  think,  to  point  out  modifications  which  would  tend 
materially  to  increase  its  effective  result;  but  it  is  not  my  purpose, 
in  this  essay,  to  criticise  particular  arrangements,  but  rather  to 
give  an  exposition  of  general  physical  truths  by  which  planters  and 
others  may  be  guided. 

There  is  no  principle  from  which  greater  economical  advantages 
may,  in  my  opinion,  be  derived  by  the  sugar  industry,  than  that 
of  the  successive  use  of  latent  heat.  I  have  stated  (see  page  261 
above)  that  this  principle  ^^is  neither  one  lately  discovered  nor 
but  recently  applied;  and  that  it  has  long  iormed  a  part  of  estab- 
lished physical  science."  To  Mr.  Rillieux  and  to  Mr.  Degrand 
may  be  due  the  credit  of  having  first  combined  it  with  that  of 
evaporation  in  vacuo,  for  the  manufacture  of  sugar;  but  I  do  not 
think  that  either  of  these  gentlemen  can  claitn  to  have  first  in- 
vented an  apparatus  for  using  latent  heat  successively  for  the 
evaporation  of  syrups,  &c.  And  I  can  see  no  chemical  reason  why 
cane  juice  may  not  be  concentrated,  say  to  28^  B.,  in  pans  using 
the  latent  heat  of  steam  successively  and  under  ordinary  pressure. 
Syrup  thus  concentrated  might  be  granulated  in  Howard's  pan; 
and  would,  I  am  confident,  give  sugar  of  excellent  quality.  By 
a  calculation,  (see  page  263  above,)  I  have  shown  that  a  series  of 
four  pans  is  capable  of  increasing  the  evaporating  effect,  produced 
under  atmospheric  pressure  by  a  given  quantity  of  high  steam,  in 
the  ratio  of  173  to  100,  ot  w^^tI^  as  7  to  4;  this  is  not  a  mere 
(ieoretical  deduction,  bul  «l  le^uXv  \^VvOii  V'^^  \i^^u  x't^VvLtd  upon 


643  [  50  ] 

a  large  scale  with  such  an  apparatus  constructed  by  Mr.  Derosnei 
which  was  not  known  to  me  when  I  made  the  above  calculatiopi 
and  of  which  a  description  will  be  found  in  the  second  volume}  page 
87,  of  the  second  edition  of  Peclet's  Traite  de  la  Chaleur^  dam 
ses  applications  J  with  this  apparatus  the  economy  of  fuel  is  said 
to  have  been  as  9  to  5,  or  180  to  100,  being  very  nearly  the  calcu- 
lated value. 

The  importance  of  economy  in  fuel  to  the  cane  sugar  industry  is 
manifest  from  the  fact,  that  cane  juice  of  good  quality  contained 
IS  to  20  per  cent,  nearly  of  sugar,  and  that  80  to  85  per  cent,  of 
water  must,  therefore,  be  evaporated,  or  four  parts  for  every  one 
of  sugar  obtained;  certainly,  therefore,  in  operating  upon  large 
quantities  it  is  highly  desirable  to  be  able,  by  improved  arrange- 
ments, to  augment  the  action  of  the  fuel  employed  in  a  two-fold  or 
greater  degree. 

Whenever  the  latent  heat  of  steam  generated  in  one  pan  is  used 
to  evaporate  a  liquid  in  another,  it  is  necessary  that  the  tempera- 
ture of  ebullition  should  be  lower  in  the  second  than  in  the  first,  in 
order  to  cause  condensation  with  sufficient  rapidity  to  let  the  steam 
flow  readily  between  them.  This  may  be  accomplished,  if  the  use 
of  hi^h  steam  would  produce  no  injurious  chemical  effects,  by  per- 
forming the  successive  evaporations  under  dijferent  pressures, 
which  may  be  regulated  at  will  by  means  of  valves  loaded  with 
corresponding  weights.  Slight  additions  of  temperature  cause  very 
considerable  and  rapidly  augmenting  increments  of  the  elastic 
force  of  vapors,  the  latter  varying  in  geometrical  when  the  former 
afe  in  arithmetical  progression.  It  is  not,  therefore,  practicable, 
without  employing  steam  of  much  higher  tension  than  would  be 
proper  or  safe,  to  use  its  latent  heat  successively  in  a  large  num- 
ber of  pans;  for  if  we  suppose  the  steam  to  be  of  three  atmos- 
pheres, or  275^  Fahrenheit,  and  allow  a  dijference  of  temperature 
of  25^  between  each  two  consecutive  pans,  which  is  not  more  than 
sufficient,  it  would  be  requisite  that  the  fourth  pan  should  boil  at 
the  temperature  of  200^.  This  could  only  take  place  by  aid  of  a 
partial  vacuum  in  that  pan.  Hence  it  is  evident  that  the  limits 
within  which  steam  may  be  applied  effectually,  and  without  the 
assistance  of  a  vacuum,  are  very  narrow;  and  this  is  particularly 
the  case  with  reference  to  concentrated  syrups,  which  are  easily  in- 
jured by  subjection  to  temperatures  much  exceeding  212^  Fahren- 
heit, especiiilly  if  long  continued.  As  ebullition  in  vacuo  may 
take  place  at  any  temperature  above  that  at  which  the  liquid  be- 
comes solid  by  congelation,  it  is  evident  that,  by  means  of  an  air 
pump,  we  may  greatly  extend  the  range  of  temperature,  and,  con- 
sequently, the  number  of  pans  in  which  the  latent  heat  of  vapor  is 
successfully  employed.  If  it  were  possible  to  construct  a  pump 
which  would  produce  a  perfect  vacuum  in  the  last  pan,  water  would 
boil  in  it  at  32®,  or  at  its  own  freezing  point;  and  a  series  of  no 
less  than  ten  consecutive  pans  might  be  used  in  which  the  temper- 
atures of  ebullition  would  vary,  between  the  limits  of  212°  and  32**, 
by  equi-differences  of  20®.     With  steam  of  272®  (nearly  three  at- 
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mospheres)  it  would  be  practicable  to  extend  this  series  to  13^ 
pans. 

The  assertion  that  water  may  be  made  to  boil  in  vacuo  at  32^ 
Fahrenheit,  may  appear  to  some  strange  and  even  untrue;  but  suck 
is  neyerthelesB  the  fact.  Boiling  or  ebullition  is,  in  itself,  a  mere 
mechanical  agitation,  a  disturbance  of  equilibrium  which  occurs 
when  the  vapor,  formed  in  the  heated  liquid,  is  of  sufficient  dis*- 
ruptive  or  expansive  force  to  overcome  both  the  cohesion  of  the 
fluid  particles  and  the  atmospheric  or  other  pressure  to  which  it  is 
subjected.  It  is,  therefore,  an  unimportant  phenomenon^  and  de- 
pendent solely  upon  pressure.  By  increasing  this  pressure  indefi- 
nitely we  may  prevent  ebullition,  and  water  may,  therefore,  be 
heated  red  hot  without  boiling,  if  confined  in  a  vessel  sufficiently 
strong;  or,  on  the  contrary,  it  may  be  made  to  boil  at  any  low 
temperature,  by  diminishing  the  pressure  to  the  corresponding 
degree.  English  authors  have  generally  written  incorrectly  and 
obscure>y  upon  this  subject.  In  French  treatises  it  will,  however, 
be  found  properly  and  clearly  discussed. 

Evaporation  evidently  cannot  take  place  rapidly  without  ebulli- 
tion, except  by  the  aid  of  currents  of  air,  and  from  an  exposed  sur- 
face; for  it  is  necessary  that  the  vapor  should  have  the  expansive 
force  requisite  to  make  its  escape  freely,  especially  when  close 
vessels  are  employed.  Vapor  forms  at  all  temperatures^  and  as 
readily  from  ice  as  from  water.  The  air  opposes  to  evaporation  a 
resistance  which  is  mechanical  only,  like  that  of  a  vessel  in  which 
the  liquid  may  be  confined.  In  vacuo  this  resistance  is  removed, 
and  the  only  requisites  to  the  instantaneous  transformation  of  the 
whole  of  the  liquid  into  vapor  are  the  supply  of  the  necessary 
amount  of  heat,  and  sufficient  space  for  expansion.  So  rapidly  do 
liquids  evaporate  and  absorb  heat  in  vacuo,  that  water  may  thus 
be  readily  frozen;  and  an  ingenious  philosophical  toy  has  been  in- 
vented by  Dr.  Wollaston,  called  by  him  a  cryophorusy  which  serves 
to  show,  in  an  entertaining  and  instructive  manner,  the  freezing  of 
water  by  its  own  evaporation. 

Both  Mr.  D^grand  and  Mr.  Rillieux  assert  that  high  pressure 
steam  cannot  be  employed  for  concentrating  syrups  in  vacuo,  with- 
out injury  to  their  color  by  overheating.  Certainly,  if  the  air- 
pump  be  strong  enough  to  produce  and  maintain  a  sufficient  vacuum, 
the  mass  of  syrup  cannot  be  heated  to  an  injurious  degree,  even  by 
high  steam,  in  consequence  of  the  powerful  refrigerative  action  of 
rapid  evaporation.  But  it  is  possible,  and  even  probable,  when 
bubbles  of  steam  form  in  contact  with  the  metal  of  the  haating 
worm  or  hollow  bottom,  that  they  leave  thin  films  of  syrup  attached 
to  and  moistening  the  hot  metal,  which  may  become  caramelized 
before  the  bubbles  escape.  This  can  be  ascertained  only  by  obser- 
vation; and  it  is  a  question  not  of  opinion  but  of  fact,  to  ^hicb  it 
is  sufficient  for  me  to  have  directed  attention. 

In  stating  that  between  the  limits  of  212^  and  32°,  ten  consecu- 
tive evaporating  pans  might  be  made  to  boil  at  equi-different  tem- 
peratures of  20^,  I  do  Tvol  Uke  Into  consideration  the  imperfection 
of  a  practicable  vacuum,  &.C.,  vjYacV  ^^\j\\  \si^\^\\a\\^  U«sen  the 
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number.  It  would,  perhaps,  be  impossible  to  form  and  maintaiui 
urith  an  air  pump,  a  vacuum  of  less  than  from  two  to  four  inches 
of  pressure;  for  which  the  corresponding  temperatures,  if  water  be 
the  liquid  operated  upon,  would  be  102^  to  127^  Fahrenheit.  To 
produce  rapid  condensation,  dijferences  of  temperature  of  20^  Fah- 
renheit, would  probably  be  insufficient.  And  if  we  increase  these 
dififerences  nearly  to  50^,  then  with  a  vacuam  of  four  inches  and 
steam  of  three  atmospheres,  that  is  to  say  between  125^  and  275^ 
Fahrenheit,  the  series  would  consist  of  four  pans  only,  boiling  at 
126^,  175°,  225°,  and  275®,  respectively.  For  manufacturing  pur- 
poses, this  problem  must  be  studied  with  reference  to  the  maximum 
working  effect;  that  number  of  pans  and  those  temperatures  being 
adopted  which  would  give  the  most  desirable  result;  and  all  atten- 
dant  circumstances,  such  as  loss  of  heat  by  radiation  and  in  the 
water  formed  by  condensation,  chemical  effects  of  high  tempera- 
tures, etc.,  being  fully  considered. 

It  should  also  be  borne  in  mind  that  in  aqueous  solutions,  owing 
to  the  attraction  between  the  water  and  the  substance  dissolved, 
the  temperature  requisite  to  give  the  degree  of  elastic  force  neces- 
sary to  produce  ebullition,  under  any  given  pressure,  must  be  higher 
than  when  pure  water  is  similarly  treated  ;  because  an  additional 
force,  one  of  chemical  union,  has  to  be  overcome.  A  force  which 
depends  upon  the  quantity  and  nature  of  the  substance  dissolved, 
and  which  may  be  either  constant  or  variable  with  temperature. 
Thus  a  saturated  solution  of 

Alum  boils  at  220°  Fahrenheit. 

Borax  '«  "  222  " 

Common  salt  "  «'  224  <« 

Sal  ammoniac  "  236  " 

Nitre  «  "  238  <« 

Rochelle  salt  ^«  ^« 240  << 

It  is  evident  that  the  temperature  of  steam,  after  it  has  once  escaped, 
will  depend  solely  upon  the  pressure  to  which  it  is  subjected,  and 
will  be  the  same  whether  formed  from  pure  water  or  any  solution 
whatever.  Hence,  when  syrups  are  evaporated  in  close  vessels,  as 
in  vacuum  pans,  the  liquid  is  hotter  than  the  steam  above;  and  this 
difference  of  temperature,  under  any  given  pressure,  increases  with 
the  degree  of  concentration. 

Finally,  I  may  add,  that  whatever  advantages  the  systems  of 
Derosne  and  Rillieux  may  possess,  Howard's  pan,  if  heated  by 
steam  which  has  been  previously  used  both  for  rolling  the  canes  and 
for  working  the  air  pump,  and  which,  when  condensed,  is  returned 
to  the  boiler,  may  be  found  to  be  capable  of  operating  with  a  de- 
gree of  economy  much  exceeding  the  results  which  have  hitherto 
been  obtained  with  either  of  those  systems.  For  this  purpose,  and 
indeed  whenever  economy  in  the  use  of  the  steam  engine  is  desired, 
the  steam  must  be  used  expansively^  cutting  off  at  that  point  of  the 
stroke,  and  so  regulating  the  velocity  as  to  produce  the  maximum 
effect.  Also  the  power  of  the  air  pump  should  be  such  thai  a  suf- 
ficient vacuum  can  be  maintained ^  ^^^  ow^  olloxi^x  yv^.O^jl^-^^Vs^'x^-- 
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stance.  A  worm  sFouT?  I&e  used  for  beatings  instead  of  a  steam- 
bottom,  because  it  loses  no  htat^  and  (be  external  surface  of  the 
pan  ougbt  to  be  coTered  witb  a  Donconducting  jacket*  To  preTent 
all  injury  b?  carame)i2tng  any  portion  of  syrup^  the  steam  used  for 
bealini^  probably  sbould  not  have  a  temperature  exceeding  2^0^,  or 
a  resliitial  working  force  of  5  inches  after  it  comes  from  the  en- 
gine; experience,  however,  must  determine  this  pointy  whether  U 
IS  better  to  rmploy  two  separate  engines  or  only  one  for  the 
Uiill  and  air  puinp^  is  a  queftion  concerning  which  I  will  only  say 
that  one  large  engine  costs  much  less  thaa  two  small  oneS)  botb  in 
original  outlay  and  current  expenscj  and  the  waste  of  heat  by  two 
fixepiacts  and  boilers  is  greater  than  that  of  one  of  double  power. 
It  is  also  less  expensiTe  in  the  end  to  use  steam  of  i^ot  more  than 
five  atmospheres,  or  60  pounds  pressure  to  the  square  inch^  than 
steam  of  150  pounds^  as  is  often  done  in  our  Gountry;  the  strain 
being  moderate,  the  wear  and  tear  is  less* 

If  FIoward^B  pan  were  combined  with  a  double  actiog  ptimp^ 
which  should  not  only  form  the  vacuum  by  suction,  but  also  force 
the  vapor  disengaged  by  the  syrup  into  the  double  bottom  or  ser- 
pentine tube^  so  as  to  compress  it  and  elevate  its  temperature;  the 
idea  of  using  latent  heat  successively^  and  for  an  indefinite  number 
of  times,  may  be  realized  with  a  single  evaporating  paiip  The  va- 
lor  thus  condensed  in  the  hollow  bottom  into  water|  gives  ofT  its 
atent  heat  to  evaporate  a  new  portion  of  syrup  in  the  pan,  which 
in  turn  plays  a  similar  part;  so  that,  if  the  supply  of  syrup  be  kept 
upj  the  action  will  proceed  coritinuously,  and  the  only  heat  lost 
will  be  that  of  necdssity  retained  by  the  condensed  water,  and  the 
portion  dissipated  by  conduction  and  radiation.  As  a  given  weight 
of  steam  would,  if  thus  compressed^  and  condensed  into  water,  say 
at  212®,  return  to  the  syrup  1,000®  of  latent  heat,  this  Heat  would 
be  capable  of  evaporating  another  portion  of  water  which  would 
be  to  the  first  in  the  ratio  of  1,000  to  1,212,  or  nearly  as  5  to  6; 
one- sixth  of  the  heat  is  therefore  lost  each  time  in  the  water  of 
condensation.  Hence,  the  total  quantity  of  syrup  evaporated  by 
the  steam  from  the  boiler  will  be  the  sum  of  a  decreasing  infinite 
series  of  which  the  first  term  is  unity^  and  the  ratio  |  nearly;  or 
therefore  as  6  to  1.  And  if  6  cords  of  wood  be  requisite  to  evapo- 
jrate  a  given  quantity  in  a  common  boiler,  one  cord  should  produce 
the  same  effect  in  such  a  pan.  In  this  estimate  no  allowance,  how- 
ever^  is  made  for  the  expenditure  of  fuel  for  working  the  pump,  if 
the  power  employed  for  the  purpose  be  that  of  steam.  The  in- 
genious idea  of  using  latent  heat  successively  by  compression,  and 
la  the  manner  above  mentioned,  is  due  to  Mr.  relietan,  who  con- 
structed an  apparatus  for  the  purpose,  an  account  and  descriptioa 
of  which  will  be  found  at  page  93  of  the  2d  volume  of  the  liLst  edi- 
tion of  Peclet's  TraiU  de  la  Chaleur.  The  apparatus  was  not  well 
contrived,  and  the  economical  results  obtained,  though  consequent- 
ly imperfect,  were  yet  three  times  greater  than  those  gireii  by  or-- 
4iaar^y  steam  pans. 
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NOTE  I. 
On  pneumaiic  pans  or  tigtrsj  by  J,  P.  Benjamin^  esq.* 

I  believe  it  to  be  truei  that  although  the  tigers  had  been  success- 
fully used  in  liquoring  sugar  already  made,  they  never  had  bee* 
employed  in  receiving  the  liquid  sugar  as  it  runs  from  the  battery 
and  converting  it  into  crystals^  until  the  experiment  was  made  on 
the  Bellechasse  plantation,  belonging  to  Mr.  Packwood  and  myself; 
but  the  success  of  that  experiment  is  to  be  attributed  alone  to  my 
friend  and  partner  Theodore  J.  Packwood;  and  I  have  no  hesitation 
in  saying,  that  any  man  not  possessed  to  the  full  decree  of  bis 
indomitable  perseverance,  long  experience,  and  intimate  knowledge 
of  the  behavior  of  saccharine  matter  under  all  the  influences  of 
temperature  and  varieties  of  manipulation  to  which  it  can  be  sub^ 
jected,  would  have  abandoned  the  experiment  in  despair,  as  being 
utterly  hopeless.  It  was  only  after  weeks  of  severe  toil  and  intense 
application,  that  there  appeared  any  prospect  of  ultimate  success; 
and  more  than  three-fourths  of  the  first  crop  made  with  the  tigers 
had  been  taken  off,  before  they  were  worked  with  that  steady  prcH 
cision  which  proved  they  could  be  relied  on,  in  the  manufacture  of 
sugar,  as  the  ordinary  moulds  of  the  refiner. 

I  have  stated  that  I  would  treat  of  the  concentration  of  the 
syrups  and  crystallization  of  the  sugar  in  connection  with  the  work- 
ing of  the  tigers,  because  it  is  only  in  that  connexion  that  I  can 
offer  you  any  remarks  not  to  be  found  in  all  the  treatises  on  the 
subject.  It  was  well  remarked  by  your  distinguished  Vice  Prest* 
dent.  Judge  Rost,  in  his  interesting  address  delivered  to  the  a6so«- 
ciation  in  1845,  that  the  vacuum  pan  has  many  decided  advantag'es 
over  all  other  concentrating  vessels:  that  the  sugar  may  be  grained 
in  the  pan,  and  that  the  granulation  is  completely  under  the  control 
of  the  operator,  who  may  accelerate  or  retard  it  at  pleasure,  who 
may  carry  it  so  far  that  sugar  will  not  run  from  the  pan,  and  may 
so  conduct  it  as  to  increase  almost  at  will  the  size  and  hardness  ^ 
the  crystals.  All  this  is  true;  and  it  is  also  true,  as  he  has  stated, 
that  the  tigers  cannot  be  used  for  sugar  boiled  in  any  other  manner 
than  in  the  vacuum  pan.  Allow  me,  then,  to  explain  to  you  in. 
what  manner  the  tigers  are  constructed,  how  the  sugars  are  to  be 
boiled  for  being  worked  in  them,  and  the  mode  of  conducting  tbe 
operations  afterwards. 

The  pneumatic  pan  or  tiger  is  an  oblong  box  divided  into  two 
parts.  A  convenient  size  has  been  found  to  be  eight  feet  in  length 
and  four  feet  in  width.  The  two  parts  of  the  tiger  are  divided  by 
a  frame  covered  with  cloth,  made  of  copper  wire,  which  forms  a 
false  bottom;  the  lower  half  is  of  cast  iron  and  is  about  twelve 
inches  in  depth,  with  a  slope  from  all  sides  towards  the  centre,  at 


*This  article  is  extracted  from  one,  to  which  I  have  already  referred  several  times,  pi^ 
lished  in  De  Bow's  Review,  vol.  v,  page  44,  January,  1848,  and  which  was  prepared  as  aa 
address  to  be  delivered  before  the  Agriculturists'  Association  of  Louisiana. 
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which  point  is  a  cock  for  draining  ofif  molasses  from  the  sugar  which 
is  poured  into  the  upper  part  and  which  is  drained  through  the 
aeive  like  false  bottom  above  alluded  to.  The  upper  part  is  about 
sixteen  inches  in  depth;  it  is  made  of  sheet  iron  or  wood,  with  a 
ledge  of  about  half  an  inch  in  width,  running  all  round  the  inside 
at  the  line  or  junction  with  the  lower  half;  this  ledge  serves  as  the 
support  for  the  frame,  which  is  also  supported  from  beneath  by  a 
thin  plank  set  on  edge,  and  running  from  end  to  end  of  the  tiger; 
the  lower  part  of  this  plank  is  scooped  out  in  two  or  three,  places, 
so  as  to  leave  free  passage  for  the' drainage  from  all  parts  of  the 
bottom  to  the  cock  at  the  centre.  An  opening  in  the  false  bottom 
is  connected  by  a  valve  with  a  pipe  running  to  the  air  pump  that 
is  worked  by  the  engine  that  drives  the  mill,  and  another  small 
opening  connects  with  a  steam  pipe,  furnished  with  a  cock  by  which 
the  steam  can  be  admitted,  or  shut  off,  at  pUasure,  and  the  use  of 
which  will  be  presently  noticed. 

The  theory  of  the  working  of  the  tigers  is  seductive,  from  its  ex- 
ceeding simplicity.     The   pressure  of  the  atmosphere  being  calcu- 
lated at  fifteen  pounds  to  the  square  inch,  if  sugar  be  placed  on  the 
upper  part  of  the  tiger,  and    a   vacuum   created    beneath    the   false 
bottom  by  pumping  out  the  air,  every  squ^.re  inch  of  the  surface  of 
the  sugar  is  pressed  in  by  a  weight  of  filteen  pounds,  which  is  suf- 
ficient to  drive  through  the    false  bottom    all    that   is  liquid  in  the 
mass,  and  thus  leave  the  pure  crystals  above,  they  being   too  large 
and  too  hard  to   be    forced   through    the   meshes  of  the   wire.     In 
practice  very   great   difficulties    occurred:  if  the   sugar  was  boiled 
high^  as  the  sugar  makers  term  it,  the  syrup  became  so  viscid  as  to 
adhere  to  the  crystals,  and  the  pressure  of  the  atmosphere,  instead 
of  driving  it  through,  had  the  effect  of  compressinor  the  whole  mass 
into  one  solid  body,  as  hard  as  a  loaf  of  rtfined   sugar,  and  which 
could   only  be  removed  from  t' e   tiger  by  the  aid  of  pickaxes  and 
hatchets,  requiring    immense    labor,  and   tearing  to  pieces  the  wire 
cloth,  V.  hich  is  expensive.      If   the    sugar  was   boiled  light^  as  it  is 
ttruied,  nearly  the  whole  battery  would  run  through  the  false  bot- 
tom, when  the  vacuum  pan  was  discharged,  and  the  operation,  thus 
conducted,  would  clearly  be    not    profitable.     It  is,  therefore,  evi- 
dent that  the  mode  of  boiling  or  crystalling  the  sugar  in  the  vacuum 
pan  is  the  most  essential  point  for  consideration  as    regards  the  li- 
quoring in  the  tigers,  and    that   this    process    can    only  succeeil  by 
obtaining  from  the  battery  a  mass,  composed  of  firm  and  large  crys- 
tals floating  as  it  were  in  a  li^ht  and  fluid  syrup.     This  object  can 
only  be  attained  by  great  art  in  the    sugar  boiler,  and   the  mode  of 
so  doing  is  an  application  of  the  principles  of  crystallization,  which 
you  will  find    stated    by  Professor  McCulloh  in  his  report.       A  de- 
scription of  the   process  would    carry  me    too  far,  but  I  may  state 
generally,  that  the  syrup  is  to  be  evaporated  in  successive  portions, 
so  that  the    crystals   of   each    portion    may  form    iiuchi^  which  are 
successively  enlarged  at  each  fresh  charge  of  syrup  introduced  into 
the  pan;  these  successive    charges  of   syrup    are  always  small,  and 
the  fluidity  of  the  moxhet  lic^uor  of  the  crystals  is  preserved  by  the 
changes  of  temperature  atvA  Aeui\V^'  \i^\xv^  V^^^v  \si.Q\^\^\.^-^  whereas 
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u  rapid  eraporatidn  in  mass  of  the  syrup  would  be  attended  by  a 
violent  agitation,  an  absence  of  nuclei ^  around  which  large  crystals 
could  form,  and  the  result  would  be  a  small  and  confused  grain, 
totally  unsuited  for  working  in  the  tigers. 

The  sugar,  when  boiled  to  the  proper  point,  flows  from  the  pan 
into  the  tiger  in  a  thick  mass,  composed  of  crystals  floating  in  a 
fluid  syrup,  and  being  boiled  at  a  low  temperature,  cools  so  rapidly 
that  it  frequently  requires  the  assistance  of  the  workmen  to  scrape 
it  along  the  trough  and  accelerate  its  passage  towards  the  tigers, 
unless  the  fall  from  the  pan  towards  them  is  very  precipitous. 
When  received  into  the  tigers  it  is  allowed  to  cool  for  a  few  hours, 
during  which  time  it  has  oecome  thoroughly  crystallised,  the  mo- 
ther liquor  of  crystallization  has  passed  through  the  bottom  and 
the  whole  mass  is  then  as  well  purged  as  sugars  made  in  the  open 
kettles  are,  after  remaining  a  fortnight  in  the  purgeries.  The  sur- 
face is  then  removed  and  mixed  with  water  so  as  to  form  a  thick 
paste,  such  as  the  refiners  call  a  magma  and  is  again  spread  on  the 
top  of  the  tiger,  which  is  allowed  to  drain  for  three  or  four  hours 
— at  the  end  of  that  time  it  presents  a  color  equal  to  the  inferior 
grades  of  white  Havana  sugar,  but  the  crystal  is  larger  and  more 
beautiful.  White  syrup  is  then  poured  on  it,  and  the  air  pump  is 
applied,  which  forces  the  syrup  through;  the  syrup  in  its  passage 
displaces  the  last  pellicle  of  coloring  matter  that  still  adheres  to 
the  surface  of  the  crystals  and  leaves  the  sugar  perfectly  white;  the 
action  of  the  air  pump  is  continued  for  the  purpose  of  drying  the 
sugar  in  a  measure,  and  at  the  end  of  twenty-four  hours  from  the 
time  when  the  battery  was  poured  into  the  tiger,  it  is  shovelled  out 
in  perfectly  pure  white  crystals,  and  thrown  on  the  floor  of  a  room 
heated  by  steam  pipes,  where  the  little  remaining  moisture  is  evap- 
orated, and  the  sugar  is  then  ready  for  market — the  entire  process, 
including  the  putting  it  into  packages,  requiring  a  period  of  less 
than  forty-eight  hours. 

After  the  tigers  have  been  used  three  or  four  times,  the  meshes 
in  the  false  bottom  become  clogged  by  the  small  crystals  that  are 
forced  into  them,  and  the  steam  is  then  let  under  the  false  bottom 
through  the  pipe  before  described;  it  melts  these  crystals,  and  with 
a  brush,  the  workmen  in  a  few  minutes  has  the  bottom  so  cleaned 
as  to  be  ready  to  receive  a  fresh  battery.  This  pipe  is  also  ser- 
viceable when  through  a  mistake  of  the  boiler  the  cryslalization 
has  been  improperly  conducted  and  a  crust  forms  in  the  bottom; 
the  steam  may  be  used  to  loosen  it,  and  thus  avoid  injury  to  the 
wire  cloth. 

Notwithstanding  the  perfection  of  the  results  obtained  by  this 
mode  of  liquoring  and  drying  sugar,  gentlemen,  it  is  not  to  be  re- 
commended for  adoption  by  anyone  who  is  unable  to  give  to  it  his 
personal  superintendence,  or  to  procure  the  services  of  an  intelli- 
gent and  attenfive  agent.  It  requires  constant  care  and  watchful- 
ness, and  any  mistake  in  boiling  the  sugar,  whether  arising  from 
ignorance  or  inattention,  causes  much  trouble  and  labor.  Sugar 
made  from  frosted  or  fermented  canes,  or  from  the  unripe  cane 
which  is  frequently  cut  from  new  ground^  oc  fcom.  WwA  fe^^VJc^  \s^- 


[501  660 

Bared  bv  a-  crop  of  peasy  coulcl  scarcely  be  worked  ia  them-  at  all^ 
and  in  all  s^ch  cases:  we  have  found  it  more  profitable  to  pat  the 
sdj^ar  into  Hogsheads  .and  allow  it  to  drain  in  the  pargery,.  in  the 
usual  mode.  But  when  the  cane  juice  is  pure  and  sound  and  from 
ripe  canci  I  have  aeen  nothing  equal  to, the  beauty  and  economy  of 
the  processi  when  conducted  witn  skill'  and  care. 


MOTitK. 
On  Mr.  Schutztnbathfs  Htw  proeessy  hi/  eahtinuoui  liquoring. 

[Tnunlmttd'froiii'a  IkM  G^maii  traatte  on  mgtbr  by  fltduaidty  and  eomatonicmted  by  J, 
P.  B«iij«mfay  etqi] 

By  adhering  to  the  following  ruleS|  it  is  possible  to  obtain  firom 
raw  sugar  and  from  cabe  juice  all  the  crystallisable  sugar  therein 
contained  within  one-half  of  a  per  cent,  of  the  amount  indicated 
by  chemical  analysisi^  ahd  that  m  the  shape  of  bisailtiftil  refined 
loaf  suear: 

1st.  Solutions  of  snjgar  containing  any  slimy  or  gummy  matter 
must  not  be  rebelled  in  order  to  obtain  therefrom  reined  sugnr^ 
unless  required  by  necessity;  but  the  raW  material  must  first  be 
purged  by  other  means. 

2d.  Slimy  or  gummy  solutions  of  sugar,  when  reboiled,  must  not 
be  boiled  beyond  the  point  which  leaves  from  22  to  24  per  cent,  of 
water  in  the  solution,  so  that  the  crystallizable  sugar  contained  in 
the  solution  may  remain  uninjured. 

3d.  Syrups  must  be  reboiled  as  seldom  as  possible,  and  the  crys- 
tallizable sugar  contained  in  them  must  be  extracted  in  the  shape 
of  crystals  by  other  processes. 

4th.  Drainage  of  syrup  from  crystallizable  sugar  must  be  accele- 
rated as  much  as  possible,  so  as  to  avoid  fermentation. 

6th.  All  ingredients  containing  nitrogen  must  be  avoided  in  de- 
fecation, and  clarification  must  be  accomplished  by  other  means. 

6th.  Metal  forms  must  be  used  instead  of  earthen  ware,  and  the 
sugar  must  not  be  clayed  but  liquored  with  syrup. 

7th.  As  far  as  possible  all  the  circumstances  and  conditions 
suitable  for  aiding  the  formation  of  crystals  in  a  raw  material 
already  nearly  exhausted  by  previous  working,  and  which,  under 
the  ordinary  process,  would  yield  no  more  crystals,  must  be  united 
and  combined. 

The  mode  of  work  necessary  tO  accomplish  the  ends  suggested 
in  the  foregoing  rules  is  as  follows: 

The  crystals  must  first  be  freed  from  the  molasses  which  covers 
them,  or  rather  from  the  molasses  which  is  mixed  up  with  the 
grain  into  which  the  crystals  have  been  crushed.  Foreign  sugars^ 
as  sold  in  Europe,  contain  scarcely  any  entire  crystals.  They  are 
generally  reduced  to  a  powder,  either  by  grinding,  or  from  having 
remained  too  long  in  alote)  ot  b^  transportation.     The    first  step 
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required,  therefore,  is  to  reproduce  the  crystals  in  order  to  wash 
them.  The  molasses  is  then  separated  by  liquoring  and  drainage, 
and  not  by  repeated  boilings. 

The  crystals  are  reproduced  by  dissolving  the  sugar  in*  syrup  of 
a  suitable  quality,  which  is  always  on  hand  in  every  well  organized 
sugar  refinery.  They  must  be  blown  up  at  a  temperature,  not  ex* 
ceeding  80^  Reaumur,  the  syrup  being  constantly  stirred  so  as  to 
prevent  any  part  of  the  sugar  from  being  burnt.  As  soon  as  the 
solution  is  complete,  it  must  be  put  in  coolers  uniting  all  condi* 
tions  requisite  to  allow  the  crystals  to  form  regularly,  and  after- 
wards to  drain  easily. 

As  soon  as  the  crystallization  has  taken  place,  the  sugar  is  placed 
for  purging  in  boxes,  which  are  so  constmeted  as  to  allow  the  green 
syrup  to  purge  freely,  and  the  syrup  used  for  liquoring  to  pene* 
trate  easily  the  layers  of  crystals.  These  boxes  are  of  such 
dimensions  as  to  allow  of  being  worked  with  facility  and  regu- 
larity. 

Ordinary  sugar  moulds  are  from  66  to  82  centimetres  in  depth; 
but  the  layers  of  crystals  in  the  boxes  are  only  21  centimetres  deep; 
consequently,  both  the  green  syrups  and  liquoring  syrup  run  off  more 
easily  and  rapidly;  the  draining  surface  being  40  to  50  times  greater 
than  in  moulds,  and  the  depth  of  the  crystals  only  ^  or  }  as  great. 

If  these  purging  boxes  are  not  made  of  proper  dimensions,  and 
if  the  meshes  of  the  wire  cloth  which  form  the  bottom  be  not  duly 
proportioned  to  the  size  of  the  crystals,  (which  must  be  re|i;ular,^ 
the  process,  which  we  term  continuous  liquoringj  {^clairce  continue^) 
cannot  be  used  with  success.  By  this  process  |  of  the  crystalliza- 
ble  sugar,  contained  in  the  sirop  used  for  liquoring,  are  obtained^ 
(at  the  same  time  that  the  liquored  sugar  is  washed  and  whitened,) 
simply  by  the  spontaneous  evaporation  of  the  water,  which  is  much 
facilitated  by  the  large  surface  which  the  boxes  offer  to  the  atmos* 
phere.  By  this  method,  therefore,  it  is  very  easy  to  whiten  the 
crystals  of  the  sugar,  and  yet  avoid  the  necessity  of  reboiling  the 
syrup  used  for  liquoring,  as  is  usually  done  in  order  to  obtain  from 
it  such  crystals  as  it  contains. 

It  is  for  these  reasons  that,  by  this  new  process,  in  three  days, 
and  with  scarcely  any  expense  for  labor  and  fuel,  75  to  80  per  cent, 
of  pure  white  sugar  are  obtained  from  the  quality  of  sugar  called 
fair  brownj  (bonne  quatri^me,)  while,  by  the  ordinary  process, 
not  only  is  there  an  expense  in  reboiling,  and  a  loss  of  sugar  re- 
sulting therefrom,  but  the  result  is  only  55  to  60  per  cent,  of  white 
sugar  obtained  in  10  or  12  days,  if  the  forms  are  liquored,  or  in  25 
to  30  days  if  they  are  clayed. 

After  thus  obtaining  in  three  days  75  to  80  per  cent,  of  white 
sugar  contained  in  the  syrup,  the  remaining  10  to  15  per  cent,  must 
be  extracted  from  the  drainings,  which  require  to  be  reworked, and 
which  are  now  too  heavily  charged  with  impurities  to  be  used  for 
dissolving  a  fresh  quantity  of  raw  sugar.  The  sugar  contained  in 
the  drainings  can,  however,  be  extracted  by  following,  strictly,  the 
rules  above  given,  viz;  to  boil  down  only  to  a  point,  where  there 
remains  in   the  sirop  22  to  24  per  cent,  of  watet^aad  ttLe^<A  y^^ 
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syrup,  the  hauling  and  stirring  are  performed  as  usual.  In  order 
to  obtain  the  loaves  perfectly  white,  they  should  not  be  clayed,  but 
liquored  with  a  colorless  syrup,  which  is  merely  a  saturated  solution 
of  pure  sugar  in  cold  water. 

The  prejudice  against  the  use  of  syrup  for  liquoring  is  inconceiy- 
able.  If  clay  is  used,  the  bleaching  takes  place  in  the  same  man- 
ner as  with  syrup,  because  the  water  oozing  through  the  clay  dis- 
solves a  certain  quantity  of  sugar.  The  difference  is  only,  that  in 
the  latter  case  the  syrup  is  produced  in  the  form  itself,  under  very 
unfavorable  circumstances,  whereas,  in  the  former  case,  the  syrup 
is  previously  prepared  under  the  most  favorable  circumstances. 

The  crystallization,  drainage,  liquoring,  and  second  drainage  of 
the  liquor,  require  seven  or  eight  days.  The  loaves  are  taken  out, 
the  wet  tips  cut  off  and  others  added  in  their  place,  which  is  done 
by  a  very  simple  machine.  The  loaves  are  then  reversed,  allowed 
to  remain  twenty-four  hours  in  this  position,  and  afterwards  dried 
in  a  drying  room  by  means  of  a  strong  current  of  air,  at  a  temper- 
ature which  should  not  exceed  95^  Fahrenheit,  and  which  should 
also  be  kept  up  during  the  first  twenty-four  hours. 

The  whole  process  of  refining,  from  the  first  dissolving  of  the  raw 
sugar  to  the  packing  of  the  loaves  in  paper,  requires  from  forty  to 
fifty  days.  The  product  of  this  mode  of  operation,  if  properly  con- 
ducted, is  always  beautiful  loaf  sugar  of  the  very  best  quality.  The 
size  of  the  grain,  if  required  large  or  small,  depends  on  the  skill 
of  the  boiler.  The  green  syrup  from  the  loaves  is  employed  as  a 
liquor  for  the  sugar  in  the  boxes,  and  there  deposites  nearly  all  the 
crystallizable  sugar  contained  in  it;  this  is  the  reason  why  nothing 
but  first  quality  of  refined  sugar  is  obtained  by  the  new  method, 
without  exposure  to  the  expense  and  loss  inherent  in  the  old  sys- 
tem. 

Cane  juice,  after  being  converted  into  syrup  of  such  density  as  to 
contain  from  22  to  24  per  cent,  of  water,  so  as  to  avoid  the  decom- 
position which  would  result  by  subjecting  it  to  a  heat  sufficient  to 
produce  a  greater  density,  should  be  thrown  into  crystalisers  of  a 
capacity  of  at  least  200  gallons.  In  all  other  respects,  as  regards 
cr}stallization  and  liquoring,  the  treatment  is  the  same  as  above 
described  for  raw  sugars  whose  crystals  have  been  restored.  The 
green  syrups  are  boiled  down  in  the  same  manner  as  the  syrups 
which  give  the  first  product.  The  drips  are  used  in  the  same  man- 
ner as  those  from  the  raw  sugars,  and  the  same  principles  adhered 
to.  The  first  product  of  pure  sugar  is  obtained  in  four  days  from 
the  time  the  juice  leaves  the  mill,  the  second  two  days  afterwards, 
and  the  third  on  the  eighth  or  ninth  day.  Consequently,  in  nine 
days  we  get  three-fourths  of  the  pure  sugar  contained  in  the  juice. 
It  has  been  previously  stated  that  40  or  50  days  are  necessary  to 
obtain  the  first  quality  of  loaf  sugar.  The  cost  of  this  new  method 
is  rather  less  than  that  of  the  old;  the  same  product  in  weight  is 
obtained,  but  instead  of  raw  sugars  the  first  quality  of  refined  sugar 
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